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ABSTRACT 


The growth, feeding, and predatory and social behavior 
of northern pike (Esox lucius L.) in Kakisa Lake, Northwest 
Territories were examined during the summers of 1973 and 


1974. 


The growth rates of northern pike from Kakisa Lake were 
found to be substantially higher than those of fish from 
Great ‘Slave Lake, Northwest 'Territories. > Female; northern 
pike displayed higher growth rates than males of the same 
age, following ’sexualimaturation, “Females ,jhad significantly 
greater average jaw widths than males of the same fork 


length. 


The northern pike of Kakisa Lake were mainisy pisciv- 
orous f*but<-in the “spring their diét vinéluded) large numbers 
ofVinvertebrates.”’ The diet eomposition of ‘northern (pike 
showed seasonal changes, which were a result of changes ‘in 
therrelative abundance of the “various prey species, and also 
the occurrence of a spring spawning fast. Northern pike 
exhibited size selective predation, and this was reflected 
in changes in the diet composition with increase in predator 
size. Female northern pike consumed prey fish of greater 


boy Size than male northern pike Of the same Terk fengin. 


Northern pike displayed two types of predatory behavior, 
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. with the stalking form of predation being more successful 
than the pursuit form. The use of stalking predation 
depended largely on the availability of adequate cover in 
which the predator could remain hidden until prey had moved 
chose, | behavior of prey rsh was the natn Laccor ‘controling 
the occurrence and the type of ‘predation used by northern 
pike. The outcome of a predatory act dictated the subsequent 
activity undertaken by northern pike. ‘The ‘overall predatory 
strategy of northern pike is ‘one of efficient use of oppor- 


tunities in a Manner which minimizes energy “expenditure. 


Novtnern pike were basically solitary, but did enter 
into agonistic, neutral, and positive social interactions. 
Northern pike exhibited a limited repertoire of agonistic 
displays, most” of which appeared “tovarise from™-basic 
predatory movements.  Agonistic interactions also took the 
form of size-related avoidance béhavicr. Physicad combat 
did not occur between northern pike. The social structure 
was largely based on individual distance requirements, but 
temporary site use and range restriction also existed. 
Habitat preferences were shown. Food deprivation increased 
aggressiveness, and detreased activity and social tolerance 


OL NOLeReLD Pike. 


st t eile 

=> a 1 ae 

wo itnw aebhka atatsu. bi vod fopNse 

F : al 
' ae 

— re z Nee ae" 

tt = 4 va = =) «tts oe oj c 

a | = ~/ . sl x te * = +5 i me, = Je \ ae 
eo s 

‘a 2 4 s | ‘SAD SHE. 


7 4 
5 ro ~> riper S| 
4 é 
a S 
“a ee em et cs § 
s P ) .aes rit om YO GOnRSs 
y i 
. Ly 
= cd = y es = a ars - = 4 TH 
: 3 os3%e do stie sh Steg Ataukea 
er 
i wa 9 2 Se 265 Hitt 1 Siow weitree & 
= | 
; a 
oe a 
» $ ° = = > { zs est 
; ‘ czy bs maid 4 2tsw DL 
P - > ai 
Fed © ~ a Ss > mA rt £ » pre ey £ 
bb Ps: t £Sison Syhtiesq bar ,Ceeurep ye 
f ' i BY ; « 
a es a ee poe eee eo & thee bh icl eras 
taeda 2S sa lod ites a begat t mod eelbil> <a 


‘doe ye eine Flanges orisdand ‘ter shaven fi hes 


beldésndd? obitrestiaio® Boot - tepioste Siw vomeuatons SHtb 


agneselos + aaa hss a pti tae bqioere > boa , seenenkee 
7 i = a ‘ ee : i 


> | ; * 
iv 
y UT 
' i 
' 
ts : P bate pe eet Pee t 
: rit Ba a0 Sie wt 


= é s Ext par are 

* « a oS e PT) ree) Ss 

oe i 3 ohe Fo tit itede lieve ses ng YES 
- = 


ot ae Co per as bamnoats de ai 8 BAS) athe 7 aa 

oe ie soed Gels saint ~iatas ast fe saiestanal _ ebaphd Vom, aout se ne i 
hseunes J eovegat, ~sonyacdoe pomgiit bans: fig Iploxrasta boli. 
sissnitke iséese- eat. ne 2 is inintiore:’ ‘tse SHE" se soc a 6 exe 


. 


= s 
seaitd “pt 


rr 
1, 
7 i 


"7 


tt - io #a: iw So itu dahon rajkes “tess one oiy*A tee yise 


= Ne! 
om. 


a o 
ola i a Si, ree: me! -—a@) H) di ee i 


ACKNOWLEDGEMENTS 


I would like to express my appreciation to the Boreal 
institute Hor Northern.studies for providing.financial 
assistance during the study. .The National Research Council 


of Canada also provided funding. 


Special thanks are due to my supervisor, Dr. J.R. Nursall 
for his comments, criticisms, and guidance. Dr. J.S. Nelson 
also kindly reviewed the manuscript. I would also like to 


thank Dr. W.C. Mackay for helpful discussions and suggestions. 


E would Jike; to‘ thank W. Roberts, J. Rasmussen, 
us WErsgerber. NN. Chymko and i. Bickedl stor hélpful 
suggestions and assistance with technical aspects of the 


study. 


Sincere thanks are due to E. McPhee and D. Musbach 
whose antics and companionship made the field seasons an 
enjoyable experience. Thanks are also due to Dr. W.A. Fuller 
and all the people at Heart Lake who extended hospitality 
and assistance in the fashion of true northerners. 

Special thanks to Earl and Jim McKenzie are also due, their 
company around an evening campfire will be a long cherished 
memory. I also wish to thank the people of Kakisa village 


for their kindness and hospitality. 


Vi 


sna or 


Lisayod. doxsonae 2 tema aa wnt 
-speqomut, 
Iisexws Sia: ore ase eteneabe sie sub. oie =f, ) 
aate sy, ad » SORIBL AY) bas IRE LOA TERS, mes 9 


ay ets f/ cals kisewd gba ae ua, oy, pownOE & 
.scbesasppes. brs eioenacnye ee =08 wnat > am 


meaeeonA .T _ Ag ates, es 


iyagheat 20% sedate, sh Omega 
fo 30 po OpETES Seco 26 


} lie Lo ere / 
hin 0 bes aantom «| 1 9 8 a6 cage 9 
| ga agonege Sxeet old sient qistene kiceam> bait eee 
native .A.@ -WU ot sub eae sas, aaiedr .sorettegs | “ne 

Zs (anietiaaed tatensin 966 Sant, tant 3° biibod ig AEB Sal 
-Rapensants tort eon 3D sQidgat, oft. ck auetetinas bas s 
Shad? 206 GHSe a75,.chsaamom: att bev fasi°"o3 kt ee 
badetiodo sles S a fLiw ox¢teuses pirtnave as: BRUOws yasquos | 
epelity seit 20 Stage aft ines 92 Asin cals f a ptcosa 
| pf eetbanigenrt, Pista eanatedat whens 20 F 


eS 


Be 


Special thanks are due to my feliow graduate students 
of the 8 floor, their conversation and friendship has made 
my stay in the department an enjoyable one. Thanks are 
also extended to G. Hutchinson for analysis of the water 


samples, and generally maintaining order in the laboratory. 


Vil 


ajuobuss osouhend 
‘eben and cima aia 
ee elit on tase 


vein utd Yo" waa 


i ealeieiee) any rif ial e 


TABLE OF CONTENTS 


PAGE 


BN ODU Crh Naecinia ota tatate bes te oso! oe as 0s sos 0 00 se 06 6 6 60 sie 4 = 1 
DESCRIPTION OF STUDY PEA hiite in) Moe TS ae hel s/o. is 9 @ ik hie 6 4.6 ee os 8 
ot lech ess Pu Sons bar tte be¥ase ot Bkeks «cex0 (do Te oie do 00 Facets de She lane 6 3 2! 0 oo 8 
Li OUP yesh Dw. to seac's& Sines ies binte Sresieh >i se os oe 3 we LS 

Pils EAN Lie IN) PU EA) Os utara aie 5 66 a 606.9 'n ioe «wis 6 05 ob 0 ee ee he/ 
etm PAV Sd ails OME CWOMECA UL 4.26 6 si0 6p os «6.66 6 6 0080 06 0% ay 

Se Dtraer LS PAGE EC CoE AcE eo gies cus torenb a iele) erste ete eh eC leis (erm: 36.6, @ 6 Je LS 

Pi5y Lid TOL OO Gk ate te awa sVe ie! o cceketarsienacs Wale @rere ae « o:6)e ws i8 

Doe se ee at a cg (a) a Me tee at alates ainte a lea sels’ leis > ©. 61s) ere t.6 i8 
aber yO Cie CC em celeste ateee) sisicla, of Soke =. oiacas (6% 20 
REeUiso one TS CCUG oS MONS, nisvelselele.<.s\o selec) 6 ss =, © och ayes @ 0 e's s 32 
T ca DLMNOLGSViReGUuLiES and DESCUSELON Sc kts cic evelsione ss Cy 


II. Growth and Feeding 
RESULTS eseeevnroeeecsex#sooeses7#e#s#sesee#eerteseteeertee#esee# @©eeeeert & BS 


Bic GLOMEI YG os. tone 0 Baskelage wine +00 os ces ees e seo ns mess ks 33 
L. nenothoand Wei Ghty Versus, DGC disses «0s «ss 33 
eee LC Ue LLM cami bets: «aleve: oem os 40a nies 6 oral a uae 6, 5,80 S/ 

B. Feeding EN eee Cees elit als ue eee 3g 
IeGCeneral. OOd, Intake SPacrernsS 4 ss sce ne ewe 42 
BAR Ys Velate MES) creo SU Aree ce re ere rc ee 45 
3.) weneonedd Cnanges In DLCU (ase « «sim = eee sacs 51 


ALS Ppreacacor Sise and DLEt Composition: cs. «cu « 56 


5. Predator-prey Size Relationships ..sessse 538 


Vil 


_ 


i 


5 cidale’ ROERSagee jeid Bite ox}t Yo dahon 


+t we Oi Lg ae 8 ae he were te Oley 
- + 
ah 


4 


fe a 


+ oe uy ous 7 ‘* 7 $ ; 
ee ee oe ee eo! Bon ae 


eo ere VAN <9 Agr ROS Be BS ee en ee 


eee ee eee ee er va J 


—- 2 J 
™, 


YP: RP Pa eee ey See Laon 
ra fe oh 


- s : Z 
+ diem el «yoshi oly oa 


= : eo wee ai 


sh eky wan owe seR enna andes Mel tae 


i - robs & a 
t - ~ . os 
Ve : , 
oe eb we be Sle RS ow oe ew 6 Ota ee 
¢ ; vt 


oy ‘ .- +» 1 ¢ y - 

24.) © 08 8 ee Oh 64 we ele ne Bw, ” 
= y a y a 2 ; 

i * " , ba oy 


ee ee ee ee) 


Us - fd h 
' : sos @ oe, - °* 
~ ia 2 
pe © Ft. \ a mm tis , yy 


2:0 8 =". @ 8-0 e BUETAV ‘Samo D6 ze’ 


it PET AE ALENT SO 1G a 


’ as oe >. ? 


° . i ¥ F : = A 
fee lade Seared oni ae cal af 
1 
> i 


t 


0 dae baeeitn antedscy onesies “Booey “cidlogs a § 
Pe eM 2 eee eat hae ee ee fh ‘salpoasy ot — 
seh da eae een des soa". res ‘qaends tbdor den ca 


+ 


op Hap dt edeandioticen patel oa il 


DISCUSSION ecsoevoeevoeveeeeeeeeeeeeeeveeeeeeereee 


A. 


B. 


Growth eeensveecteeeereeteeeteeeeeeezeeveseeeeeee 


PRPSGInGde tors .BeMRVECR «srcesveseseovese 


Lenk OOds-Lat ake! Patterns. ...essceecs iste ss 


2ZEVFOOAC SPECIES, 2. se. ao ise bw ee Oeste cee as 
Sebeecasonali ChgncgesiunPDaGkt ion eceeew 


4. Predator Size and Diet Composition 


5. Predator—-prey Size Relationships ... 


IMIBIE a IBVSN gio hianOng Jan ea eR SVctehs lobe iele. ce: #676 eee Gialskeccle a. 


A. 


General Activity 


RESULTS eeeereeeseeveeeeseeteeeee hel ee eee 


1 Dime pnoromy. PehaviLoOrss tre BS ESS iw sos 


2 HACtivaty and wWiabitat; Viadizaticon ... 


3 CRAG Sai) Pe baer Se 4.65). GR. 6) 5 6 o ay ors se ws : 
4. Inactivity and-Habitat Preference . 
DESCUSSLON: Aids teres vlc eelule tase e)4ie al siete cate. © he 
Le BMoecomebory. BEnavEGr. Wiis» ators os 6.0 
2. BCtiviey and Habitat, Ur lization oo. 
De ReCULVyLey. wPakeCe@Lis 2! cteracis 1s ewcsielorais else 
aA. inactivity and Habitat Preference: . 


Predatory Behavior 
RESULTS oe ©C6@e68 OM 02 @ 8 eeeeeeerseseseee#esese#eer3#2#sey}tyg# eeee#e 


1 MDescription whi bhel Predatory Act .. 
2h (RECUIUYEUr Obs LINULiLe “5 56 were 8 pia. ei 2 0.5 here. Xe 
3. Species of Prey Fish, « 6 se. ccs cn oe me 
4, Social, Bacilitation in Predation .. 


5. Predatory Behavior of Juveniles ... 


RIS 


eaeree 


aeoevwe 


ss *2e oe 7 @ 
>-@ *-* 
ai bye, ome 
» ,*e¢ 


see 2 <= 


rath hie ale iia eon 


Pe aor iirinene 6 La ashe. 


a eee 
ns: OR secitae Sa aqaisme as ys 


it premernie <opewiee 


1 eel @ iv ek bw ia 
a 
ita cte avd 


=e fe He 


SG SS fear Sy aD ae rae Bet at * Sy 


a : 5 co i = /? aod 
6 sl te wih tne eo Meee ee eh 2 
peau WS gene Op 8 OR aa 


“eth ee eel pe a 


ee ee Bhi ee 


sobs adeno. toh tater. pay 


a’ « 


; ; Pe 
ee ee ee ees 


Z 
) 


ile Ae a the 


Ae ‘MOksRSiL LIU sus hat ines ins 


[iovertenacesest Peptogs 12h 6 re 


’ Noa ear 7m, a5 


; sons sdyexd aa. beAs ius Viiv Laobeen’ - ifm 
‘yolveda vidvebert «4 ‘es 


5 ita rn 
on SDF, Sat ail he: play enaa nd a wi 
i ; 


~ ee eenneenen een eea nee ‘sLgmtge boxtapan ee r is 


terete rer teaes Gee youd ‘to egoen a ; ae 


te 
ae 


; " pe kt siege ak farsethtinsd teins _ . 
1. Se0SroweG Bo" LOR reiieS gages shows 2° ae (ia? 


DISCUSSION e@eeeevnveereeeeveeeveteteveeeeeeeeeeee 


Bee eset LOCO Of BLeGalOry ACE 625/04). 


Se POSE PECUCLOLY -BeNaV LOL) <i s.cce a cle sic! s 


Se PPLCOMCORYL OCALA eles wletes ak sapse~ai aieocake 


Bee Tey gio DOC LES: levai svete elercie a <is1e\isia.s ie 6 8's 6 


>» SOCial Faciittation in Predation’... 


6. Predatory Behavior of Juveniles .... 


Social Behavior 
RESULTS eeee#eee#eeerseee3xee#*eeexskee#esrtfeeseecseeeeeee##eee*e 


ee N@Wt tra ds bree LONG 6 sl «6 Sie-0 & 6 Siete es 


22 AGORLSt iG nee raCis One. Ssie.e. s,s oie) sin) ar 


Description. of agonistic. displays 
Nondisplay agonistie interactions 


Quantitative analysis of 


aQonLStie Dehavick wa. Sse hee anes 


3 POSTEDVEUINnCeEaACE LONG) ee secre lel te eiete 


A. (Sociat ‘Structure, 2.76 .%.8 hy 3 Eee Od eee 


DISCUSSION 22 <ic «ss Sie bs sss Bia ele Mie tele aterare ters 


je NeCUtrall TnteracevOns .eicrctoisma otete se euetene 


Ae Onws tC bela VdOL aiste este ois) 6 1s oteteler cists 


1oRy 
° 


(Ai Social Structure eosee rx, @eeeeeeeeoeeeeeee 


Positive Interactions 


Description of agonistic displays 


Noncisplay agonistic a~mteractions 3. ..6s 
Quantitative analysis of 
BuOniLSeuLe Dehavi0G .= Sia. Saleeveley See ees So 


eooeoronwneeeeeeeee ee eee ee ee 


: a seine!  ilaiabatic wal ich wo faba Ey) 


Te ee ees eee ern <aeban oe 
Pees Ame ey sivetnoeA 


ee pa ** oA tS eee 


bag 22 4h 
«ee ever enn tewere eve 
= eo 


xt 
vice ele wale le vie aia © & sha ies ad 
2? 


sae dasues wane dale tippiayiad einem 


Lge hia obtain abel 


* 
- 
* 


‘ 
‘ 
* 
- 
. 
* 
* 


eons aig bane ata enc Sia 


eee ee ee ee meeen ewer heres ~F pene 


own ats We os, Oa erate! ade atlas 


ewes mee pee iawn ene nen cm 
2 } “oe a ay 
ee eee ee a: 


tek eee nthe ee we ae Bee Wee 


lesessch Byekgbtlh Sivetoogs to ncbagitomed ia 


- grees i BOLI I6RS sn ab32 Limes yet para 


; 70) g1eylede oy ea eon. 
Te aT LS. ete ee tortvaciod: des Panda 


Peery” Cee neiciianbe 438 ere x 


ovis ew Wain ayes a Sahel bidlarial ls + bald» e1uso0Ls2 Peinoe a6 


DercloO/ a. VS 197/43 Activity. .Aaggression, 
and Predation 


RESULTS 


nee 


es 


DISCUSSION 


PYCORC1ON = 3 eres 


SUMMARY sie sos © ow 0 8 0 © 5.0/0.0 0 


LITERATURE CITED 


APPENDIX 


APPENDIX 


APPENDIX 


APPENDIX 


al 


2 


WwW 


eneee 


evwvsxee 


eeeeee6e 


Environmental Factors .. 


coeoesoeveee 


eevove0eeee0e458e 


ecoeeese 


coeeoeveneneeeeex een eeeereeeeeeee 


eoeeoe 


eceeeoeve 


ceeoene 


eecceee 


PAGE 


-- 


eae ec yap a 


“yon cn aie aa 


Niele 


2 \ . ’ 4 
en ee | oom, @ 
i me - 


i . yy \ 
i 


a 


eee dere she ade 


J ame a 


me aa ‘ 


_ - ‘4 i 


a > ey PS ne bo 
Pens dc This “ih 
ef a 1 “1%! 


- he 4 


* Aen & - : ae 


. 2? oA 

ae ee eT Aen! 
4 

1A 


ee ee 
' . 


“ee me Oe ee we ewe * Oy oie Aw 
of o , a 7 = 


. 
= 


= 


er eer ee tuewee a2 © so are T4822 ~ 


: FA LC te 
ap Age ee th we 25 
a na 
Me y 
4 y 
ae 
+ eees fel Les = Alb ; ay 
i eae eae ein ee 
ud . i t 
| : 4 be Swi cS desig sas {n. fee » ¢ 
2 “= ae A x Ba a is ae 9 rs = 1 + 
#4 ty a iv : elk! 
: J ty if) 3 | ‘> . >i ae} 


ay b 


1S. 


Ds 


20. 


Zit. 


ios 


LIST OF TABLES 
DESCRIPTION 


General food habits of northern pike in 


Kakisa Lake eeoeeeeeeeeeeeeeeeteeeeeeeeeeteeeeeeeeert eee 


Seasonal diet changes of northern pike ...sceece 
Drepain -relatGion+ito size+ofinosthern+pike «snd ae. 
Relationship between predator and prey length .. 


Relationship between jaw width of predator 
anGpbodycdepEn Of -BDGY 3 has sarwwlawisere bey 2 aHerAse + 6 


Piscivorous! habits of males and £emales .....se6 


Activities and habitat use of northern pike ...... 


Habitat. .vutilizacionspndes ofewactive fFish......s-. 
Habi tat anc - tele hed UbebaAviLOD rb baer. 16 be cc's Beene 


Habitat st Fekauuse by vinaCes Ye BLS ws stsis oy rere 2's 


Habitat preferences of inactive fish ..... Welate os eas 


SEMBAVT ELS bb sNGSSULCMCRES 4a. 2 eae als 2 OS aw 4 a ang 2 os 


Predatorysacts sof pnort hein Tpakes wants eye ersrers ¢!> « 


Divection. ‘GE swallowing OL Prey Lol. duis cle es sss © 


Post—predation behavior of nerthern pike .ai3... 
Predation on moving and stationary prey fish ..., 
Reactions of northern pike to a prey model ..... 


Interactions between northern pike and 
SPOLTCAT SHANSLS. (sis eye owiate om sales eles weieie « aie st aha 


Occurrence of Ligula intestinalis in spottail 
shiners from northern pike guts and from the 
lake population eeser*evseeetceee#ee#ee#seeese#%#%#ueeees+#e#e*ver#28fe#e# © # &© & 
Interactions between northern DikS J... 6 ee oss lec 


Agonistic interactions eeoeeeceeeeenereeeecsxseeeeeeree 


Summary of displays given by northern pike ..... 


eL 


. 


PAGE 


43 
52 
Sy 


60 


60 
64 
93 
Q5 


D5 


> 


4 c 


, —: eenen ve ed ig hia aici et 1oavig syeteeih 6 YEsriss ; ss 
: = 


py 


f 


yer 


hu wea EN eae 


ak oneg 


~~” 


2 


dapwiel wyatt a sodpheng es 
aospbedg’ ae eatbitw fast soap a i hg - ) 


"ip Sh AIRE Sateen NEY 
evednaced BORAGE BRE: ical 1 wil 
s+s pS oiler, to: sau Seat: re. 


= apt Beer fy 


Svve ye CORES Avisos 4% xadak 


nah Ape bh amit hin bets 8d oz fF f . 
Lops a oe deems te did | 
ipeicses» BASE rexsitezon, RO moivarted ng .geba%tG™ 3808 
Sends feet youd Yusmoldet= bes patvom ao noktebed? 
odes ew, ESR verte % od oaléq vitmedtucr 10 saptdoeest)! 


bus exis rtsulsxon teqwiae snot dpevedink ms Gad | 
pee een ovat hava veenewsscione SUH Irate ae 


bistdoge «3 kbae gao in} Stuer! to ofnorawsea © .eL | 
Sis wOaivbaw step wilig csmtizon amel ‘auonmite. net 
7 ee wee © SR eM 29 FH ae Pee © 2 Sse we ae So ao Fao liagoy GA l 


Greesitoresaeee. SHED (Menttos qaswied uno Ltoexotnt _ Os 


led ee enolivacuednmt oajsessropaA a£Ei 
¥ 
tim 


TABLE DESCRIPTION PAGE 


236 Comparison of display rates of male and female 
northern pike eeee7eeee3#e#ese#er#Ffeeegc«sPeesxnteerkenereeee#eeseeeseses#e2see#ee@e 205 


24. Comparison of tendencies of male and female 
northern pike to leave the area following a 
display eeee3e7sneteeee2eees#s#eseeenr#reeeerteew#eeeneteeeneteewerteeeteeeneenrteeeteee 2O5 


25. BEtect: of £ish size on its tendency to display ... 207 


Oi. Effect of fish size on its tendency to leave 
BhegarecasalCeraLeCnasit.oi Vennararsphayi ee. ccacwseve 209 


27% ELESCE OfCLLShesizesonpits tendency. boxleave 
ai) a) MONGteplay, eon MstlC SLEUALTON ose s/c Sievsporoxe PaO 


20 < WOSCAR LORS (Oe ieiy WEL MELO St ros sls als «a's sekeletslae ace ees 215 


oo. Summary of temporary sites occupied by 
northern pike in 1973 and 1974 eoevee3s3s#»es3eses3«ese#eee#ete @ PRIS 


30. US@ OfMObSeEVvation. avea-by-norbhern.pike..sscecscess 228 


3a Distances traveled per hour by northern pike 
EHSCCHEMODSeeVatioOnearea. IN «LI Se. ci wdic wes eeativeonsare 228 


Jee Summary ofodatanrelating: torthe differences in 
pehavicr Prestidy. fishsin. 1973. and. 19/ 4s wwe ce 260 


3ebe. . Displaymrates atrhigh andy lowepredatitonhtevers ... 271 


pick A 


nies sabe aa ede sgt ste 


¥ © © Be8 MiP 88 0 ee Fre) aera Pes ite 


ee ee ee BXEE aie £% 


} 


-i : : * : [ ; - A if 

; 2 eh A £ ‘ 

y si ' " oe . f .! 
glans® fps’ SLi. 


x0 oy 09 oe a See ee 
ie 


aang oa3 be oie 40 


% . 6 pralwed 


: ll as ona ay a ahen 


‘ shine: og “epwabitgs poe 
tii bhisendae Gitte ab ante 


vet hae = ae a 


rh) 


atta seopet hie 


i YS ta 
Von aoe APE , 


* 
. 
= a - . - 
: 
= : c : 
- » pi . ‘ LW 
5 oF _ fre ~ a ’ ¢ ag “ wnt SEED OH <= Si 1 
. ee teens a tk 
< a 4 é é ' . nee A ale rz oie 
if = ; 
j ; 
~ < Sr B. e a < - va We 
= i«* ee rl yea Toe 37 ERR * y 
? Re: a. a = 
: a a 


LIST OF FIGURES 


FIGURE DESCRIPTION 
ses Map of Kakisa Lake region eeesceeoeoeeee#enreeeesese*eee#e5s#e3s#e#e#se 
2. Map of Muskeg River mouth eoeee7#re#eesesersdwcee7#eeesnes8s§e¢eee#ees7#es#se# 
S. WNevtoseti tocati onsteasti end Kalcisa: Lake. ...«cccwcess 
a, MapreormsStudy Streammobservationy areamnans ..ccesces 
Deo uength—-age-Trelarionshiip of. NOrERErN PUKE 6.4. sss ees 
6. Wetoht@agei relationship of. northern. Pike, . «26.202 
4m  Geneth=weigntoregression of northern pike’. .....es 
S. daw width-fork length regression of 
northern pike eoee7e#ee#@*e#eeseseeeteco7ee32eoeeve*#eeesv#ee#se#e#es3s#keseee#ee#ee#ee 
9. General food habits of northern pike over 
the Summer months ose @oee7w#vHee8teg#eeesrs#seet+seeneeeoeeeteertkeensee5349x5+rl*# @8eee? 
10. Invertebrate feeding of northern pike over 
CHC TSUMMET eINOMCIES Ne clstetetcl so chercietere clerets ehere lets s aia leds 1s, 0% 
li. Seasonal pattern of piscivarous habits of 
FIORE E NMC, “Aare. se) acta evi etielo toler elolette atelein ere e106) eleta vexelis.e 6-< 
£2; Importance of various prey species in the 
Sumner Giect: Of MOrthnern Dike. <5 Jc 6 6 ome wie o.6 ie RES 
to. weCasonal changes in percent’: cccurrence of 
various prey species in the diet of 
NOLENEI PLES sie sieie 50 vs cle Side am wins cis o\e's bo 016 610 Siem 
14.) Prey depthi-—predator jaw i width regression 22... 2s si. 
ES] SDiusevel activity cycle Of northern, prke sin 
UHe ObSErvalLton AECA i sizc cece we Few ae oe © 6s ow his eee 
1G Seasonal activity cycle of northern  pike*in 
Ene “ODSEGVatLON SCA « cise weclee ts Ace oie 6 ale ood 0 ole eieiw es 
17. Diagramatic model of northern pike 
predatory DEHAVLOr wise sicscwmacceccedsccswaces a wise 
18. ‘'S'-posture of northern pike during predation .... 
19. Prey turning behavior of northern pike ........... 
20. MPl-positions in observation ALeQ ..ccceeccocccees 


xiv 


PAGE 


9 


LS 


40 


44 


46 


48 


“* 


ay 
pt 


ba 


ab. 


~ iis TR 
aioe 
7 Zt ; 


Scien a Soul chien tes tee > 


5 eae ea pik pag ‘astiaew sesh ek 
acide ae heapaghens io pian 


® 7 Th [ 
ue eges ee rigotiexoa beg — 
nc uly i 


164 pohie aenant! \GEROSE 3 


See mere e 
a 


—_ 


(ara) ear: naeittton B coy 


Raber co soem dichaich ae: PU Wy fs 


“00 ova wane se i 


oes @ © ele <% Atma Niko hades Sera 


Ds bi) nm 
mena sea , 


dvb be evie ek taee ne ae ee: 
¢ ° 


to cee a 44 


ree eo 


ieee dé one MORAGA iitodw wel vo smote ord, one j 


ak ofia uttsddsod 3n Ssteye La ban | 
PPP AA. ee a er Ae Sere eee 6enG mo 


; mt shag ereities oir 40° alove iene 
Wah 9 ep ene S Sie mM voi wae Sane fiend autd 


sq sctentaon to Ishen ofehemm a ~< 
Terr reeeee rere er. Cie ees Wo brs ; ‘ ; any 


rer sieaiieaiabat patreb of6g nietities to ) atyitadut er 
okhesenhee «Oem Ce erta to TOLVeded chadues yest 


-~ ry b | r 
i; ei ing f 


Reo getb a ‘uo loeds . 3" yrenyonsel ‘ i 


et [yt ; 


pe Serdoraase> ees sete Petar FP to 28a om #08, ? i 


“8L i 


iy 


cad 


FIGURE DESCRIPTION PAGE 
Pines JPl=positvone 1  ObSETvation ared ...cecescescescee C22 
22. %JPl-new positions in observation area Pesident in 223 
PES eSeG=Hosi C2 Ons” in Observation’ area... ose sc ee sews L224 
249NeD=pos PE1 Ons ih- Observattionrarea-s. ess cece ewecseees 225 


25.°°Frequency of occurrence of empty stomachs 
Ot oe sala ce FL Foleo cle che te 6 aie Alsye ele © leis o:0 6.2 4-001 200 


26. Frequency of occurrence of empty stomachs 
TRUMOTCKELNepTKe, 2974 SSPE WIAD. Se. ees Ss 287 


27. Relationship between activity, density, and 
Precacory ACEI VECY WOOL, NOLLNEGIN PLS. nic cals wae ee cies 2/0 


28. Relationship between activity, agonism, and 
DEGY AVatVaoil ity OL=nGreneen PLRS* tts we cece 217 


xV 


» 


oo. 


i 
. 


* 
. 


ina saan ‘BOIG aio cheraido: cl 2 


sy nails an } 


thelsos ¢ 
steeeney 2 RRA frsitsxoa 30 Ya 


i ee ane ane pramticon ‘BO! 


*“#* «sides ede’ RSLS | 


LAM! 


\ 
Core 


' 


SRO J 4 
we dead ook! RAN: mi 


adoamose yogne ty . eae Lenco 
29 4 ee Be ein bh eee ole wale bs ae 


ca pens r [AS a ee 
 \attoialanie eta io, DOT pies cade Ab Setccapmceed eat — 


‘we >in a Semana ae 


EMS) ems jap 


Pasir 
bya sasnsbs \ waikw.t tos ews 


ai 
. BEL ye 
‘ ae sae fe 
: ia . ce (f bs } 7 \ Pe > 
if, “un A 
: ea wy eo) ®, 
: ian i i a 
: ‘ er i: 
Zo ary ) . ans & i lo o mec nous 4 a ; 
: real ; 


a] 
isk 


INTRODUCTION 


The northern pike (Esox lucius L.) is resident in most 
freshwater lakes and streams throughout the northern hemi- 
sphere, where it occupies the position of an upper level 


piscivore. 


Numerous studies have dealt with the general ecology and 
breeding biology’ of northern| pike. ¢Thereiids,nhoweverj ca 
paucity of information pertaining to the behavior of the 
species, especiallyseunder natural conditions. «Most behavior- 
al studies have deait with the spawning activities of 
nNODUHeEArPikesl orthave been. conduetediinsartificialh situa 


tions. 


The objectives of the present study were to observe and 
describe the postspawning behavior of northern pike ~ under 
bie ide condibionsee As ih Tellatess folprédatizon hantraspecific 
interactions, and general activity patterns. Examination of 
feeding habits was also implemented to provide information 
on the existing predator-prey relationships of the Kakisa 
Lake population. The work reported here mainly pertains to 
adult northern pike; some incidental observations of juv- 


eniles are included and will be labeled as such. 


The piscivorous propensities of northern pike have: been 
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well documented by Frost (1954), Crossman (1962), Seaburg and 
Moyle (1964), Lawler (1965), Hunt (1965), Johnson (1969), and 
Gthners.— Under Certain, (conditions .the diet of northern 
pike may include invertebrates (Johnson, 1969; Lamoureux, 
1973), waterfowl (Solman, 1945; Lagler, 1956), and small 
Perrest tial, ana semiagquatie vertebrates (Scott and Crossman, 
1973). Northern pike populations typically contain a high 
percentage cf individuals with empty stomachs at any one 
time (Allen, 1939). Lawler (1965) finds Heming Lake northern 
bike tO Exhibit, the highest percentage of stomachs. empty 
during June, July, and August.’ Allen (1939) states that 
lowest levels of feeding occur in winter in the Lake 
Windermere population; Prost (1954) suggests that this same 
Population. £6€eds ~zleast during, the spring period asa resuit 
of a spawning fast by adults. However, the existence of a 
spawning fast has been subsequently denied by Healy (1956) 
and others’ ("see Toner, 1969). Uhie contlicting: information 
may be a result, of alterations inthe feeding Nabits of 
northern pike in response to changes in prey abundance, as 
described by Ivanova (1969). It may also be necessary to 
take .anto account jthe vwrate.of. digestion) of iprey atidit— 
ferent times of the year, if the percent of stgmachs, empty 

is to be used as an index of feeding rate. Molnar and 
Tamassay (1967) have found large numbers of pike-perch 
(Lucioperca lucioperca) with full stomachs in the winter, 

but this they attribute to a much lower digestion rate and 


noe to.a larger sation at this time. 
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There is general agreement, in the more recent litera- 
ture, that northern pike have fairly low maintenance require- 
Menlo, and abe relatively €rticrent Converters of frocd 
(Johnson, 1966a; Carlander, 1969). Ivanova (1969) suggests 
that femates™begin feeding earlier in the spring ‘than males, 
which she attributes to the fact that females leave the spawn- 
ing grounds before males. Higher feeding rates of post- 
spawning females are believed by Makowecki (1973) to be the 
Ultimate "cause Of the. Sexuai” dimorphism in body Size of 
HOGLHeELO PEKe. «he POctulaves Chat females are more dgcqres-— 
sive following spawning (females are in poorer condition, 
Since more energy is expended in eggs than in sperm), and 


hence can exclude males from prime spring £éeéding areas. 


Prey selection by northern pike has been discussed in 
a number of studies. Frost (1954), Johnson (1959), and 
Johnson (1966b) conclude that prey selection dces not cccur, 
but that northern pike feed only on what is abundant and 
available. This “is “in disagreement wrth the findings of 
Hoogland et al. (1956), Beyerle and Williams (1968), and 
Mauck and Coble (197i), who dll “report Prey selection 
Occurring Guring feeding experiments. "Tne probtem, jm part, 
appears to be semantic in nature, caused by variations in 
definition of the term ‘'selective'. The importance of pre- 
“ferred prey size is stressed by Baerends (1957), Ivlev (1961), 
Cartander (1969), and Coble (1973). Coble “(igrs) “finds no 


influence of prey color or form on food selection by 
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northern pike. The’ findings of Baerends (1957), Beyerle and 
Williams (1968), and Ivanova (1969) indicate the importance 
of prey behavior in controlling the predatory response. 


Hoogland et al. (1956), and Mauck and Coble (1971) conclude 


that northern’ pike- préfer”soft=-rayed “species ‘of ‘prey’ fish ‘to 


spiny-rayed species. 


The predatory act of northern pike has been examined and 
described by Wunder (1927), Hoogland et al.(1956), and Nursall 
(1973). Hoogland et al. (1956) divide the predatory act into 
seven distinct secments. These segments have been examined 
and revised by vee (1973). Nikolsky (1963) postulates 
that northern pike depend primarily on mechanical stimuli to 
aqetect prey, “white the function of the visual system “ts 
secondary and compensatory". Hoogland et al. (1956) suggest 
that “the perception of a fish from a distance greater than 
the ‘leaping distance' is entirely visual". Northern pike 
visually examine prey for variable lengths of time before 
Striking (NUrsall, 197s). Bt ts" postulated by MeNamara” (1937 ) 
that the sense of olfaction may be used by northern pike in 
tracking other fish. Mauck and Coble (1971) examine prey 
VuIneravblittcy at ditferent water cturpidit tes end rine no 
Significant differences. They do state that diseased or 
injured prey are more vulnerable to predation. Frost and 
Kipling (21907) fan0d™= that nOrtnern plke wile nov were Ceac 
prey, even when it is artificially moved by water currents. 


Mauck and Coble (1971) conclude, from experiments in tanks, 
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that cover does not alter vulnerability of prey to northern 
pike predation. Nursall (1973) reports a 41% success rate 


in predatory attempts of northern pike. 


Available information pertaining to interactions between 
northern pike has largely been derived from observations of 
spawning fish. The most detailed study of spawning behavior 
is that of Fabricius and Gustafson (1958); other studies of 
this subject are those of Svardson (1948), Hampton (1948), 
and Clark (1950). During the spawning run male northern pike 
moveMinto ‘the! spawning tarea first-p traveling “through the 
shallows and resting for extended periods between grass tus- 
socks (Fabricius and Gustafson, 1958). These resting spots 
auc.Mot, Considéreadnto berthe centers: oferriterias, since 
therfish do not return to them regularly: Fabricius and 
Gustafson (1958) postulate that spawning territories would 
not beheld by northern pike, since “it would be more advant- 
ageousi ‘to spread ‘the “high number [of ‘eggs ‘over a’ large “area. 
They also report observations of agonistic displays between 
males (on the spawning grounds), which they describe as "...a 
characteristic threat posture, in which the branchiostegal 
membrane is lowered ....". Fabricius and Gustafson (1958) 
also note head shaking movements used by unripe females to 
repulse courting males. Frost and Kipling (1967) observe 
that juvenile northern pike remain a discrete distance from 
one. another, but do not exhibit, sitesattachment or territory 


defence. These workers describe instances when tail nipping, 
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‘chasing, and cannibalism occur in tanks containing fry at 
high densities. At low densities aggression is almost non- 
existent in these same populations. Frost and Kipling (1967) 
conclude that northern pike fry require a buffer area around 


themselves, which if denied, will resuit in aggression. 


tudies of activity patterns indicate that these fish 
tend).£0. be cxrepuscular ininature (Lawler, 1969; Poddubnyi, 
1970). Carlander (1949) indicates that gill net catches are 
highest in the morning (0800 to 1000 hours), with a second 
slight peak in midafternoon. Radio tracking studies suggest 
the existence of three activity peaks during a 24 hour period 
(Malinin, 1971). These are the dawn and dusk activity 
Periods, and. a third slightiy smatiler one at’midday. Alter- 
ations: Of normal daly ectivity patterns» may be caused by 
certain environmental changes. Buss (1961) detexrnines that 
northern pike activity and fecding. is: curtailed when water 
temperatures exceed the optimum (approximately 25 to 27°C). 
Fabricius and Gustafson (1958) document curtailment of spawn- 
ing activities coincident. with stort, periods of lower than 
normal spring water temperatures. Malinin (1971) reports 
different levels of activity on bright versus cloudy days. 
He also suggests that northern pike can detect pending 
weather changes, since general movements of fish to deeper 


water occur prior to storms and wind direction changes. 


In general, it appears that northern pike are solitary 
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predators, which become aggressive if approached by con- 
specifics. They seem to show a daily and seasonal cycle 

of activity and related feedings “These predators apparently 
aetect prey mainly by Sight, and are opportunistic in their 
feeding habits. Information is lacking on the social behav- 
ior of adult northern pike outside of the breeding season, 
and the social structure of northern pike populations has 


not been clearly described. 
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DESCRIPTION OF STUDY AREA 
I Lake 


Location 


Kakisa Lake is located in the Northwest Territories at 
datitude 60° 50' and longitude 117° 40'. It is approximately 


100 km due west of the town of Hay River (Figure 1). 


Topography 


Pneesane. eCsndheelevorlonmac, lcm meavove, Seq’ Level . ion 
a plateau between two parallel escarpments. One escarpment 
drops steeply to form the south shore of the lake’, the other 
lies to the north- between Kakisa and Great Slave Lakes. The 
north, Gast,-and west shores, uUnzike the south shore; rise 
only slightly before becoming flat at e€levation 223.5 m 
(approximately) above sea level. These low lying areas 
are poorly ‘drained, and hence most of the terrain is covered 


by muskeg, and bog. The south shoves beingesteevper, is drier. 


Drainage basin 


Two large and five smaller streams drain into Kakisa 
Leke (Pigure 1). The) Kekisa River, the major tributary, 
enters from the south via Tathlina Lake. This stream drains 


an area of approximately 4200 one which extends south to 
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near the NWT. - Alberta border. The gradient ‘is much 
higher “than *that “o£ “the other*trrbutaries;°and the’ stream 
tends to remain turbid throughout the entire open water 
period. The Muskeg River is the second major tributary; it 
LLoOws in from” the ‘southeast: Et “is approximately "48 Km°in 
length, and is more meandering and slow flowing than the 
Kakisa River (Figure 1). The Muskeg River drains extensive, 
tow-lying “areas of muskeg, “and as~a’result is transparent 
while being tea-colored. The five minor tributaries (Figure 
1) are short, slow flowing streams with very small water- 
sheds. These streams all drain muskeg areas; their features 


are Similar to those of the Muskeg River. 


The outflow is the Kakisa River (Lower Kakisa River, for 
this thesis). It flows northward emptying into the lower 
end of Great Slave Lake at the head of the Mackenzie River 
(Figure 1). Along its 25.7 km length the Lower Kakisa River 
drops precipitously over several minor rifts and the 


escarpment at Lady Evelyn Falls. 


Basin morphology 


Kakisa Lake is roughly rectangular, with a maximum 
length of 37 km and a maximum width of 11.4 km. The long 
axis is oriented in an east-west direction, along the path 


of the prevailing winds. 


The lake basin is very shailow and regular, with gently 
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‘sloping littoral areas. The depth contours follow a regular 
concentric pattern to a maximum of six meters. Lamoureux 
(1973) reports that the three to four meter depth zone is the 
jdargest, comprising 34.1% of the 332 km* area of the lake. 
Littoral areas comprise about 15% of the lake area. Most of 
the littoral zone (maximum depth 2.5 m) has a sand and gravel 
BOLCtCOMy Except for the alluvial silt regions off the river 
moutic., | below a depth of 3.0 to 3.5 m the bottom changes to 


a muddy, silt type sediment (Lamoureux, 1973). 


Aquatic vegetation 


Potamogeton richardsonii is the most abundant aquatic 
macrophyte, with associated beds of P. pectinatyus inter- 


spersed throughout the littoral zone of Kakisa Lake 


(Lamoureux, 1973). Because of wave action, most emergent veg- 


etation is restricted tc semiprotected bays and river mouths. 
In these areas Carex and Equisetum belts extend from shore 
into the shallows to a depth of about 0.3 m. Outside this 
belt Scirpus. dominates the ‘emergemt-zone to a.depth of 1.0 
to 1.3 m. Small clones’ of Typha occtr randomly within the 
Scirpus beds. Along channels at the river mouths, mats of 
Nuphar form a narrow 3.0 m wide band along the outer edges 


of the Scirpus beds. 


The area around the mouth of the Muskeg River (Figure 2) 
has the largest beds. of emergent vegetation in the east end 


of the lake. These plants extend several kilometers up this 
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iver as narrow bands 8.0 to 10.0 m wide along both banks, 


providing excellent spawning habitat for northern pike. 


Fish species 


@& List of the’ fish species of Kakisa Lake, and their 


estimated relative abundances, is given in Appendix 1. 


Climate 


the climate of the zarca .is typical .of,northern,boreal 
regions; with cold, long winters and brief, hot summers. 
The average annual percipitation of the region is approx- 


imately, .32..0 cm. 


Lamoureux (1973) gives a detailed description of the 


general features of Kaki.sa Lake and its environs. 


IL Déserniption ocfivwscudy. Stream 


A small tributary of the Muskeg River (Study Stream) 
was selected as the site for behavior observations. An 
observation area was estabiished on this tributary approx- 
imately 100 m upstream from the Muskeg River. The Study 
Stream flows southward, and enters the Muskeg River one kilo- 


meter above its entrance into Kakisa Lake (Figure 2). 


During spring runoff the discharge of the Study Stream 
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is approximately 0.01 S, but later in the summer this flow 


almost ceases. Summer stagnation is prevented by higher 
water levels in Kakisa Lake; these back up the Muskeg River 
into the lower 200-m of the Study Stream. 

salix is the dominant tree lining the low banks of the 
study -Streamy in’ seme areas extending over*the water: Carex 
and Equisetum form the riparian understory, which extends 
into the stream to a depth of up to 0.4 m. Floating mats 
of-Sagittaria are located invslackwater' on’ bends of ‘the 
stream. In midsummer the deeper pocls show growths of 
Myriophylium exalbescens and "Ceratophyllum demersum,),. with 


small mats of Sparganium present. 


The Study Stream is a natural spawning area for northern 


- 


pike. Fry hatched’ in the observation area, and a number of 
adults congregated below the observation area during the 


spawning run. 


Invertebrates occurring in the Study Stream are similar 
to those of the Muskeg River, as described by Lamoureux 
(1973). Numerous. dipterans of the familiés Culicidae, Tend- 
ipedidae, and Tabanidae are present as larvae. In addition, 
edonatans, coleopterans, trichopterans, and ephemeropterans 


of various species inhabit the Study Stream. 
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MATERIALS AND METHODS 


ELV Poysical and! Chemical 


Dissolved oxygen samples, water chemistry samples, and 
water temperature readings were» taken in three general areas 
(Kakisa Lake, Muskeg River, and Study Stream) for comparative 
purposes. Dissolved oxygen samples were analysed in the 
field using the Alsterberg (Azide) modification of the 
Winkler method. One liter water samples were collected ona 
bimonthly basis. These were fixed with’5.0 ml of chloroform, 
£rozen, and analysed later in the Department’ of Zoology Water 
Baboravory, at The University ror Alberta. ~ Daily’ surface 
temperature readings were taken with a Bistabil-Eterna merc- 
ury thermometer. Temperature profile readings were made at 
the lake station with an ET100 telethermometer (Applied 
Research, Austin, Texas). Additional temperature readings 
and Secchi disc readings were taken adjacent to gill net 


sets in the Lake. 


A daily weather condition record was kept. Daily 
barometric pressure daza were obtained from The University 
of Alberta Research Station, at Heart Lake, N.W.T., tocated 


approximately 45 km northeast of the study area. 
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Boo. Limnological. 


Aquatic vegetation samples were collected from littoral 
aveas, of ,Kakisa, Lake,.-the. Muskeg River, ,and the Study <Stream; 
these samples»were identified, while fresh, using the keys 


of Ward and Whipple (1959) and Hotchkiss (1972). 


Benthic invertebrate collections were made in open water 
aveas using an’ Ekman dredge, and these were sieved in an 
Ekman, bucket: with, a. No...20 mesh, bottom. In ,areas: of dense 
aquatic vegetation dipnet..samples of invertebrates were 
collected. . The samples were preserved in 10% formalin,. and 
identified dater..using, a;dissecting, microscope... The 
invertebrate keys of Pennak (1953) and Ward and Whipple (1959) 
were used. This material was used as a reference collection 


to be compared with invertebrates eaten by northern pike. 


B. Fisheries 


Fish collecting 


Gillnetting, beach: seining, dipnetting, trawling, and 
angling were used to obtain samples of fish species present 


in the lake. 
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Gillnets were set once a week in the east end of Kakisa 
Lake (Figure 3). A netting period lasted 24 hours. Two 
test gangs were usually set; one gang set in shallow water 
(zone of submergent aquatic vegetation) parallel to shore, 
and the other gang in deep water (outside vegetated zone) . 
Standard test gangs were composed of four nets of different 
mesh sazes. Three nets in each gang were 18.3 m long by 
2.4.m deep (38 mm, 64 mm, and 89 mm, stretch mesh), and the 
fourth net was 13.4 m long by 2.4 m deep (25 mm stretch 


mesh). 


In special cases sets of 89 mm and 102 mm stretch mesh 
nets were made to collect northern pike for behavior tests. 
During the spring a number of northern pike were ootained from 
commercial fishermen on the Muskeg River. Beach séining was 
conducted in the shallows to a depth of about 1.5m. Bag 
seines of 9.0 m and 4.5 m length were employed. Dip netting 
was utilized to capture forage fish in areas of dense aquatic 
vegetation. Forage fish, to be used as northern pike food, 
were obtained by trawling in open water areas at surface, 
midwater, and bottom. The trawl design was similar to that 
Of Qadri (1960). The frame was built of 25 mm water pipe, 
onto which a 2.7 m long, plastic—-screéen bag was attached. 

The dimensions of the bag mouth were 1.2 m by 0.8 m. 
Angling was. use to collect live northern pike fom behavioral 


studies. 
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Fish measurements 


Fork length measurements were made to the nearest 0.5 
cm On a one meter measuring board. Fish weights were taken 
to the nearest 5.0 gm with Pesola spring scales. Mouth width 
measurements were taken with a plastic ruler inserted across 
fhe inside Of the slightly open mouth at the posterior angle 


of the jaws. 


Scale samples were taken from the left side cf northern 
pike just anterior and ventral to the dorsal fin. Ageing 
was done by compressing the scales between glass slides, and 
viewing with a dissecting microscope. Otoliths were also 
takenrEirom) northern, pike; butotbese |) provedcmmsatisfactony for 


age determination. 


Gut analysis 


Northern pike stomachs were removed intact and immedi- 
ately preserved in 25% formalin. These guts were later 
examined and classified as containing food, empty-distended, 
or empty-constricted. Food items were identified under a 
dissecting microscope. . Organisms from each stomach were 
grouped according to species, blotted dry, and weighed on a 
Mettler P1200 electric balance (sensitive to 0.1 gm). The 
volume of each group of organisms from a stomach was obtained 
using the water displacement technique. Whenever possible 


(1974 samples only), the direction of swallowing of prey 
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fish was also recorded. Prey fish were also examined for 


any major parasites. 


A series of specimens of forage fish from Kakisa Lake 
were decayed for approximately 10 days, and then preserved 
in 10% formalin. These fish parts were then examined, and 
reference drawings made for use as.aids in identification 


of ‘stomach contents of northern pike. 


C. Behavioral Studies 


Observation area 


The observation area (Figure 4) was located on a kend 
ofthe Study Stream. The observation section was approxi- 
mately 18.3 m in length. The maximum width was 5.6 m and 
the minimum was 3.4 M, GLlLVilgee, LOtcalisurtace ageo of approxi 
mately 61 m*. A pool; 2.1 mein dzrameter and 0.8 m™deep, 
formed the upper end of the enclosed section; a larger pool, 
3.7 m in diameter and 1.2 m deep occurred at the lower end. 

A 10 m channel, 3.4 m wide and 0.6 m deep, joined the two 


pools. Natural aquatic-vegetation was allowed to? develop 


in the observation section of the Study Stream. 


Barriers were constructed at the upper and lower end 
of the observation area to prevent the escape of fish. 


These barriers each consisted of a single log placed across 
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the stream from bank to bank, approximately 0.6 m above the 
water.surface. A sheet of heavy plastic hardware cloth, 
firmly attached tol the; log on. top, hung vertically to the 
stream bed. The bottom of this screen was covered with 
layers of rock and soil, as were the sides where they met the 
stream bank. This system allowed a normal flow of water, 

but provided effective barriers to fish movement out of the 


section. 


An observation tower was built on the north bank of the 
stream halfway between the barriers. The observation plat- 
form..rested, atop a.3.0.m high»tripod,of aspen logs. Black 
Dlasticeencl osed the sides of the platform,, and,.green hard— 
ware .cloth.covered; the front. Entrance was gained through a 
port in the rear of the enclosure.- The location of the 


tower allowed a clear view of the entire observi tion channel. 


Fish handling 


Two galvanized steel stock-watering troughs were used 
as temporary holding tanks for fish destined for the 
observation channel. The troughs were 3.0 m long by 0.9 m 
wide by 0.75 m deep. Screen-covered openings near the bottom 
of the tanks allowed water passage. Wooden cradles supported 
the troughs, so that they were filled with water to a depth 
of 0.4 m.. Hardware cloth covers were affixed to the top of 


the troughs to prevent escape of northern pike. The holding 
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tanks were located in the Study Stream 80 m below the obser- 


vation area. 


Upon capture, northern pike were weighed to the nearest 
5.0 gm, and fork length measurements were made. Sex was 
détermined “if fish’ were ripe’? this was done ‘by ‘applying 
pressure to the abdominal region to produce gamete flow. 
For purposes of identification, the fish were tagged with 
colored strips of Dymo label tape. These were attached to a 
short length of monofilament line, which was passed through 
tie corsal Nuscuiature ofthe fish "just sirghtly antero- 
Ventral’ CoPtheaori gin of une ‘dorsal win. “After ‘processing, 
the northern ‘pike were placed singly into the holding tanks. 
Following a sufficient recovery period (2.to 7 days) the 
fish were dipnetted from the holding tanks and transferred 


to the observation area. 


Northern pike were selectively removed from the observ- 
ation°area ‘by shooting with a O.22"caliber rifle. Upon 
removal the fish were again weighed, measured, and finally 
necropsied. Scale samples and gut contents were also 


collected at this time. 


Observation 


Behavior observations were conducted from May through 
AQGuSt= of 19738? andy’ 1974.42 'Observatilonsawere\ restricted: tothe 


daylight hours. Observation days and time of day when 


ta ot cat |) ee ny oy. ac ts Wy 
/ als rs iia a . 

aoa. Si + wo Le sone ane 
Prete era. pat 


ee ee ews “hi thew Eun “ 
eTeea ott oe vee 6 ial Sosa 
aaw Kar Of BHE nai He ue 
ba speentis et sit edi aioe vauts ini mite 8 
eas oaemise. Sonihorng oF weds | | 

w Sages iota! Melee ats ‘nnsenbiiallea ites 
- 6 @Y Gagssase ort SabayT « ‘,oqet: fadsl becsvitet wiinan 


<> a 


— 


dybbctt “Bekeig “eter dpiftien genet LFtorems 
-o'seuine ypadete® alee’ so om 
water sang, sb 34 + pa sine ie 96t 
wert prurniane ate eant oi bask 
‘wins oa cio Hy ra mahal 


vases, nice midis avons Wevttiont oe axew atta ecsnssieiits | 
ae Pho a 
c ngs atts seit Luo, a. Oe iid pa soodte A 91s aotts” a 
yi Cenk? bee enineben\, besiege Weve ar0w des? eit seme a 


FEL SSW ainetans swe ose serumse bene -beleqa 


a se a 
h 
; eh 3 apay ‘as besoes ca ii 
F & 4; ~ - 7 4 = on re 
az - ons > " ‘ iy 
‘ | 7 
wi Ey - = re ie! Na 
; £ i a ¥ - tw ae 
t Mt 
A ; a . . _- j 
‘Gt (SE SF Shin 2 OE eS rt ht gene 
* 


da) ) -stpio utd si fhe ‘bastoniggion s2ew enol sevenetio Od wEE1y 
) ) Bapeco fot sotaaes orca tition detya saad - +. SSCL inte SOs we sun ie 
or yae: 20 omit Bins BAR pak? 04 


Pe 


fie ip i" yf ae ee 


a 


Observations occurred were randomly selected. One quarter 
of an hour was allowed to elapse between entrance into the 


tower and commencement of observations. 


Detailed records were kept of the activities and 
behaviors of all northern pike visible during the observation 
period. Short-hand notes or cassette voice tapes were used 
to record observations. Activities were timed with a 
Marathon pocket watch. Polaroid sunglasses and 7 x 35 mm 
Bushnell wide angle binoculars were employed to increase 
acuity of observation. An alphanumeric coordinate grid 
pattern wes applied to maps of the observation area to 
allow accurate description of fish positions (Appendix 2). 

By tracing fish movements on these maps it was possible to 


calculatenthe approximate distance of travel of individuals. 


Prey "fish sadded 


Naturally occurring invertebrates and juvenile northern 
pike were initially present as prey in the observation area. 
Additional prey in the form of live forage fish were added 
at intervals during the study. Ten species were added as 
prey; trout-perch (Percopsis omiscomaycus (Walbaum)), 
spottail shiner (Notropis hudsonius (Clinton)), lake chub 
(Couesius piumbeus (Agassiz)), white sucker (Catostomus 
commersoni (Lacepede)), longnose sucker (Catostomus catostomus 


(Forster)), walleye (Stizostedion vitreum (Mitchill)), nine- 


spine stickleback (Pungitius pungitius (L.)), slimy sculpin 
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(Cottus cognatus Richardson), burbot (Lota lota (L.)), and 
juvenile northern pike. Lake whitefish (Coregonus clupe- 
aformis (Mitchill)) and cisco (Coregonus artedii Lesueur) were 
ROL MSeG mS prey. since it was extremely difficult to obtain 


live specimens from gill nets. 


Predatton tests 


Four different types of predation tests were employed 


during the study. 


Inthe first series, hand-made,-wooden. models .of northern 
pike (14.5 cm length), trout-perch (7.0 cm), and spottail 
Shiner (7.5 cm) were used to simulate prey. These models 
were suspended at middepth in the Study Stream directly in 
fronts of thes obsenvationr tower. +) Angevent, mecorder;,. to which 
the models were connected, was mounted on a platform 
attached to,the front.of the observation. tower.,.The event 
recorder used was designed by Moodie (1970) for recording 
predation on stickleback models. The models were connected 
to,the recorder. byraslength ofhnytonitanes, sosthateany= strike 
by northern pike would be recorded on pressure sensitive 
recording paper. Runs were conducted for 24 hour periods; 


a total of 398.75 hours recording were done with this system. 


A second series of tests were carried out using a 
commercially produced immitation minnow (Rapala, Normark Co., 


Minneapolis) as a prey model. The model was 8.0 cm in length, 
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and was constructed of balsa wood covered with plastic paint. 
The color was dark greenish-grey dorsally, grading to silver 
laterally, and white ventrally. In general appearance this 
model resembled a lake chub. The model was moved through 

the Opservation section On. a nylon line, which was controlled 
from the observation tower. One traverse of the study 
section was considered to be one presentation; a total of 


190 presentations of this model were made. 


A third series of tests examined the importance of 
Visuad..stinuli in, neleasing and. directing a predatory attempt 
Of Mone hern, pike... Give, prey fish. (trout-perch,. spottail 
shiner, lake chub, and ninespine stickleback) were placed in 
Wever=Ci.led class. vessels. sinese mnits were then suspended 
at middepth in the observation area for five minute periods. 


The reactions cf the northern pike were then observed. 


The fourth series of predation tests was used to 
examine the actual behavioral components of the predatory act 
of northern pike. Predatory acts were elicited by presenting 
single... Live, prey. fish .to northern pike in the observation 
area. The success and method of capture were recorded. 

Prey fish presented were of six species; longnose sucker, 
white,sucker, trout-—perch, lake chub, uspottail shiner, and 
ninespine stickleback. A number of dead prey fish were also 
presented to.northern pike during these tests, to determine 


if inert prey were acceptable. 
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Underwater observations 


Scuba diving and snorkeling were employed to observe 
northern pike in the open littoral areas of Kakisa Lake and 
the Muskeg River. Information was also gathered on the 
presence of forage fish in the prime northern pike habitat. 
Observations carried out in this manner were used mainly to 


determine if activity of experimental fish was normal. 


Transects 


Transects, 30.5 m in length, were established on the 
lower Muskeg River (Figure 2). These ran parallel to shore, 
and inciuded the whole band of emergent vegetation (average 
width approximately 8.0 m). Transects were traversed on foot, 


counting the number of northern pike present. 


A second transect area was established on a narrow 
channel between two Scirpus beds in the littoral region off 
the mouth of the Muskeg River. These 22.0 m transects were 
traversed by boat. Counts of all morthern pike in the chan- 
nel were made, as well as estimates of numbers of all forage 


fish seen. 


Both sets of transects were used to gain information on 
the relative abundance of northern pike and prey fish in the 


areas examined. 
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Statistical tests 


The Chi-square test was used to analyse frequency data, 
with Yate*s correction for continuity applied if any event 


had a frequency of less than five. 


Mode I Anova was-applied to habitat use data, and 
Significance cf means was determined using Duncan’s mult- 


tiple range test. 


Regression, lines were calculated after the méthod of 
feast sqdudres (Sokal and” Ronit, 1969), with Bartlett's 
three-group method £o0r Medel II regression applied when both 
the dependant and independant variables were subject to error 
in measurement. Regression lines were compared using analysis 


of covariance (Snedecor and Cochran, 1967). 
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RESULTS AND DISCUSSION 


I Limnology Resuits and Discussion 


Limnological data were collected to allow a super- 
ficial comparison between the Study Stream, Muskeg River, 
and Kakisa Lake. The results of chemical analyses of water 


samples from these three areas are summarized in Appendix 3. 


Levels of pH, phosphate, nitrate, and alkalinity were 
basically similar between the three areas, while the Study 
Stream was distinctly higher in total. dissolved solids and 
CaCOn nardness.. The Oiseolvea oxygen levels tended to be 
lowest in the Study Stream, but the lowest values recorded 
there were above the critical level of 3.5 ppm (Toner and 


Lawler, 1969) for northern. pike. 


The limnology of Kakisa Lake and its tributary streams 


is examined in detail by Lamoureux (1973). 
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II Growth and Feeding 


RESULTS 


During the course of this study the northern pike pop- 
ulation of Kakisa Lake was sampled at weekly intervals during 
the summer months. From these samples growth and feeding 


data were obtained. 


A. Growth 


Mature northern pike examined exhibited a distinct 
sexual dimorphism in growth rates. For this reason the 
analysis of length-weight data have been conducted separ- 


ately on each sex. 


1. Length and Weight versus Age 


The growth rates of male and female fish were similar 
for the first two years of life. put with the onset of 
maturation the growth rates began to diverge (Figure 5 and 
6). Most males commenced spawning at the end of their third 
year of life, while most females first spawned at the end of 
their fourth year. From Figure 5 and 6 it is apparent) that 
during their third year (age 2+) males showed a slightly 
higher growth rate than females of the same age. As a 
result, age 3+ males averaged 100 gm heavier than females of 


that age. However, the increase in growth rate of females 
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Average weight of age classes of male and 
female northern pike. Ranges and standard 
deviations indicated. Data from 1973 and 
1974 combined. Sample sizes identical to 
those shown in Figure 5. 
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during their fourth year (3+) surpassed that previously 
Shown by males. The result was that in all age classes 
from 4+ onward females tended to be larger than males. The 
data also indicate that females lived, on the average, one 


year longer than males in Kakisa Lake. 


Ripe and spent individuals, and feeding and fasting 
individuals of both sexes were included in these data, this 
may partially account for the wider range of weights of 
females shown in Figure 6. However, Machniak (1975) states 
that large variation-in size of individuals of the same age 


and sex is typical for this species. 


Although mature females were faster growing than males, 
the relationship between length and weight was virtually 
identical for the two sexes (Figure 7). The difference 
between the slopes of the regression lines for males and 
females is not Significant. The sample data deviate very 
little from the calculated regression lines (r2= 0.96 males 


and 0.98 females). 


2. Jaw Width 


Lawrence (1957) and Johnson (1969) suggest that the 
the jaw width of piscivorous fish is critical in determining 
the size of forage fish which are consumed. Hence the 


jaw width measurement was made on northern pike examined. 
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Figure 


males 271 
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2 3 4 Sr 6ers a Sa oad: 2 3 45 5) 6). (778% 9.10 
Length (cm x 107) 

Length-weight regression of male and female 
northern pike. Data from 1973 and 1974 com- 
bined. Model II regression used (Sokal and 
ROnLE, 1969). Analysis Of Covariance indic— 
ates no significant difference between the 
slopes, intercepts, or elevations of the two 


lines. Sample sizes indicated. 
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Johnson (1969) reports wide variations in jaw widths 
of northern pike of the same fork length. However, plot- 
ting this relationship separately for males and females not 
only eliminates the wide variations, but also illustrates 
the existence of a sexual dimorphism in this character 
(Figure 8). The slopes of the regression lines are not 
Stonifticantly different, but the elevations are significantly 


Gifferent (p<0.01), which indicates that at any given fork 


3 
length the average jaw width of females was greater than 
that of males. The data for each sex fit the respective 
regression line closely (r2= 0.92 males and 0.95 females). 
The magnitude of the difference between jaw widths of males 


and females increased gradually with growth of the fish 


(Figure 8). 


B. Feeding 


Food habits of gillnetted northern pike were examined 
over the two summers, with the total sample comprising 641 
individuals between 20 and 75 cm fork length. The data 
thus represent feeding during the spawning and post-spawning 
periods by mature fish. Over the Course of the summer 
period shifts in the frequency of feeding were apparent, 
together with temporal changes in the portions and amounts 
of the total prey spectrum utilized. The data provide some 


indirect indications of the importance of prey size, prey 
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Figure 8. 


Fork length-jaw width regression of male 
and. female northern pike. Data Lrom 
1974. Model II regression used. Anal- 
VSis Of covariance indiecaves: siropes ane 
intercepts of lines not significantly 
different (p>0.05), elevations are sig- 
nificantly different (p<0.01).. 
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availability, and prey behavior in determining the food 


habits of northern pike. 


1. General Food Intake Patterns 


Feeding by northern pike was lowest during May, at the 
time of spawning, as indicated by the high percentage of fish 
having empty stomachs at this time (Table 1 and Figure 9). 
This finding is in agreement with that of Frost (1954) who 
reports the occurrence of a spawning fast in northern pike 
from Windermere. Invertebrates were the exclusive food of 
25% of the northern pike captured at this time. The numbers 
Of invertebrates: eaten per fish were low during May 
(X = 14 organisms) , with 50% of the fish that fed on invert- 
ebrates containing only one or two individuals. The low 
percentage of northern pike containing fish at this time 
indicated that active feeding was at a low level in the 
spawning population. Further support for this idea is gained 
from the fact that prey fish were almost totally digested 
when northern pike were captured moving into the spawning 
areas. These prey must have been consumed a number of days 
prior to capture of ‘the predator, since digestion of fish 
requires approximately three to five days at water tempera- 


tures of one to ten degrees Celsius (Popova, 1967). 


With termination of spawning and return to the lake 


area in June, the frequency of occurrence of empty stomachs 
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Contents of Stomach 
Month Empty Invertebrates Pish Totals 


Only Gans Oa eee 


May E29 fil 24 204 
69% 25% 12% 

June 58 38 6.5 LOR 
36% 24% 40% 

July 64 20 65 149 
43% 13% 44% 

August 47 2 78 E27, 
37% 2% 61% 

Totals 298 a SARS Boe 641 


Table 1. General food habits of northern pike in Kakisa 
Lake, data from 1973 and 1974 combined. Values 
given as numbers of fish (and percent of sample 
each month) containing food items indicated. 
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General food habits of northern pike in 
Kakisa Lake, data from 1973 and 1974. 
Values#given,as) percent oecurrence of 
each food item in total sample each month. 
Abbreviation: inverts = invertebrates. 
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Mean number of invertebrates in stomachs of 
northern pike which contained invertebrates 
each month, data from 1973 and_197/4 combined. 
Numbers on graph indicate*percent’ of fish 
containing fewer than the mean number of 
invertebrates for that month. 


A 
= = 
=e 
“ 
: t 
Sa 

« 

b se re 
my 
oa: 

| 
Me Pie: 


eG. 
= gi: Pome Bee ie) 
_ciren jRise 


~ -aiacemereny : 


oo < te = q al a. “MiP ey ay uy... _ a _ a : oar Ary 


So sdogaowe of eogertguverns .20 zoxinen eam «= 5 OS exp hs Ae: 

” ga9 petharaud ant te fiodi Sige wad int 7“ i “I 

abertdggh AVEI bos £VGCL, mond my fees 8 a 
gers 43 3n05909-ahens5be1 ae eet “ea er a 


_ te Ree eat wees, seye? eniqisgaeo, - an, af 
: aa ae popintt> 20%” ee; vik me a 
cate ; ' 
> | : f 


aeclined (Figure-9). Day to day fluctuations in feeding 
occurred, but for the remaining summer months the average 


percent occurrence of empty stomachs remained near 35 to 40%. 


The proportion of the population feeding on inverte- 
brates was the same in June (24%) as in May. Numbers of 
invertebrates consumed by fish rose to an average of 24 per 
stomach in June (Figure 10). At this time only 63% of the 
stomachs of invertebrate feeding fish contained less than the 
average number of organisms. The proportion of the northern 
Pike population feeding on fish rose in June to almost four 
times the level observed in May (Figure 9). The average 
number of prey fish consumed fluctuated from week to week 
during the resumption of active feeding in June (Figure il). 
Through the mid to late summer pericd of July and August 
feeding on invertebrates steadily declined to almost insig- 
nificant levels (Figure 9 and 10). The percent of the pop- 
ulation exhibiting piscivorous habits increased gradually 
through July and early August, and then rose more sharply 


to.a level of 60 to 70% in mid to late August (Figure 11). 


2. Food Species 


The importance of the various prey items in the summer 
diet of northern pike was calculated from percent occurrence 
of a species times the average amount (gm) of that species 


consumed by individual northern pike. These data are based 
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on Only those fish which were feeding. The relative con- 
tributions of the various food items to the diet of northern 
pike, in many cases, were different in the two years of the 
study (Figure 12). Areas within each rectangle indicate the 
relative importance of the item specified. It is evident 
that fish formed the most significant component of the total 
diet." However, a relatively unique feature of the diet of 
Kakisa Lake northern pike did emerge. The generally high 
percent occurrence of invertebrates in the diet could at 
times result in their importance being greater than some 

Of the smaller forage fish species. This type of situation 
has been reported by few workers, Munro (1957) being one. 
ane species and mumbers of anverneebrates iconsumed by 


northern pike are shown in Appendix 4. 


The six major food fish were cisco, walleye, white 
sucker, laké whitefish,” burbot, and northern pike. It ap=- 
peared that the relative positions of importance of these 
major species could change from year to year (Figure 12). 
Ivanova (1969) reports similar shifts in the diet composition 


of northern pike from the Rybinsk Reservoir. 


In 1973 cisco were the most important prey species in 
the summer diet, while in 1974 walleye occupied this position 
(Figure 12). White suckers and lake whitefish occupied 
second and third positions of importance respectively in both 


years. For these latter two species, frequencies of 
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occurrence in northern pike stomachs were low, but the 
BVverace Size or the species meal was Large resulting ‘in a 
Significant contribution to the total diet. Walleye were 
the fourth most important food species in 1973, while in 
1974 cisco occupied this position. -—Burbot and northern pike 
cecupied positions five and six respectively in 1973, and 
positions six and five respectively in 1974. The three 
Emallern £Orage Lesh species, =) trout=perch, spottail shiner, 
and ninespine stickleback - occupied positions seven, nine, 
Picecenurespectively dnwloys « and: POSEtiLoOns  elgnt, nine,..and 
fourteen in 1974. Of the other two small forage fish present 
an the Jake, slimy sculpin occurred in only one stomach, 

and lake chub were never identified from northern pike 
stomachs. Unidentified fish and unidentified coregonids 
changed from positions eight and twelve respectively in 

1973 to positions twelve and eleven respectively in 1974. 
This slight drop was mainly due to increased accuracy o£ 
stomach contents identification in the second year of the 
study. During 1973 the general importance of invertebrates 
was low, with odonatans in position eleven, other inverte- 
brates in position thirteen, and amphipods in position 
fifteen. In 1974 invertebrate consumption increased sharply, 
such that amphipods rose to seventh position and odonatans 


rose to tenth position. 
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3. Seasonal Changes in Diet 


The food habits of northern pike underwent transitions 
during the spring to fall period. In Kakisa Lake four sep- 
arate feeding periods occurred over the summer, and these 
Tougnity COrresponded to tite four months May, June; July, and 
August. These periods were: 
ae Lnerspring Spawning fast. 

2. Spring to early summer post-spawning period, with 
resumption of active feeding. 

3. Mid to late summer period of stable water temperatures 
and general feeding. 

4. Late summer to fall period of unstable weather conditions, 
temperature decline, and heavy feeding. 

The seasonal food habits of northern pike are expressed 

as percent occurrence of food items in feeding “fish (Table 2 


and Figure 13). 


Cisco were seldom consumed by northern pike during May. 
The percent occurrence then rose gradually through the re- 
maining summer months. In August, cisco occurred in 34% of 
the feeding northern pike, which represented the highest 
level attained by any prey-fish species during the surmer. 
White suckers followed a pattern of occurrence Similar to 
that of cisco up to the month of July. Then in August their 
frequency of occurrence dropped to half the level of July. 


Lake whitefish had a stable but low level of occurrence,,. of 
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Table 2. Seasonal changes in the diet of northern pike 
over the summers of 1973 and 1974. Values 
in percent occurrence of food items in feeding 


fish. 

Food Item 

May June July August 
Cisco ead 10.6 20.0 3350 
White sucker G50 Sia Polh eeee Liss 
Lake whitefish ea pS) 54 fast 
Walleye Zu ig Frey as 22> 
Northern pike 4.0 LS nee. S78 
Burbot aol 150 S25 0.0 
Trout-perch 9..°3 L2°.6 bis ed 20.0 
Spottail shiner Ds 3 YAS 539 Wee 
Sticklebacks 0.0 I6:.5 S55 Preis 
Unid. fish eS 73 9.4 Ll. 
Unid. coregonid 0.0 00 Ses 2a 
Sculpin INS 0.0 0.0 O% 0 
Terrestrial vertebrate es 0.0 Ono OS0 
Amphipoda SOai 39.8 35 5.0 
Odonata 45.35 POoss5 2.4 0.0 


Other invertebrates 52-0 Sone 29.4 Ie S 
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2%, over all four months. Walleye, like most other species, 
occurred least frequently in northern pike stomachs during 
May. For the rest of the summer the frequency of occurrence 
of walleye fluctuated around the 10% level. Cannibalism 

by northern pike was highest in May and August, although 
the percent occurrence never exceeded 4%. Burbot remained 
very low’ in frequency of occurrence for the first three 
months of the summer, and were absent from the diet in 
August. Trouu=perch, ‘while at’ therr “lowest “Erequency’ of 
cccurrenceriw May, were sche most rrequenttly ‘consumed Trish 
that ‘month. Their occurrence rose through the summer, 
Similar to that of cisco, and reached a peak of 20% in 
August. Spottail shiners showed a stable frequency of 
occurrence near 7% for the entire four month period. Nine- 
Spine sticklebacks had a unzque pattern Of occurrence for a 
fish species. They were absent from the diet in May, but 
abruptly rose to their highest level of 17% in June. Their 
occurrence then declined to 3% in July, and showed a slight 
rise again in August. Sculpins and terrestrial vertebrates 


seemed to be only incidental in the diet. 


The frequency of occurrence.Of invertebracves., injsen— 
eral, was opposite to that seen for fish. Amphipods and 
odonatan nymphs reached their highest levels of occurrence 
in May. In June amphipods dropped slightly to 40% occur- 
rence in northern pike stomachs, while odonatans fell to less 


than one-half the May level. By July both groups declined 
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£8 only 3% frequency of occurrence. In August amphipods rose 
very slightly, and odonatans were absent from the diet, a 
condition apparently related to changes in the population 
size of these organisms. Other invertebrates (Table 2) were 
consumed by 30% of the feeding predators in May. In June 

the consumption of this group increased by a quarter, and 


thereafter declined gradually to a lkow of 13% in August. 


Generally, predators exhibited low levels of piscivorous 
habits during the spring, but frequently consumed inverte- 
brates. As the summer progressed consumption of forage fish 


rose, white invertebrate: Consumption declined, 


4, Predator Size and Diet Composition 


Data obtained indicate that the prey species composi- 
tion of the diet changed with increase in size of northern 
pike. The-diets of-five fork-length size classes of adult 


northern pike were examined (Table 3). 


Cisco. first appeared at low levels in the diet of 
30-39 cm predators, and rose to the highest occurrence in 
the 50-59 cm predator size class. White suckers followed 
a pattern similar to that of cisco, except that white 
suckers were at high frequencies of occurrence in northern 
pike of 50-59 and also 60-69 cm fork length. Lake whitefish 
occurredsmost frequentiy mn the ©0-69 cm size class of 


predator, and were not consumed by northern pike of less 
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Table «<3. Peraent..occurrence of, the.various.prey, items. :in 
the diet of five size classes of northern pike. 
Size.icLasses. based,.on,fork Jength .in, ‘cm.,: Data 
Erom 1973 and 1974 combined, as percent occur- 
rence naif ceding. fish. 


Food Item Fork Length Class 
20-29 30=39 40-49 bOzDg 60-69 | 

Cisco 0.0 C.5 Lv PES) 24.8 10.0 
White sucker Or0 Seve Gao Tere 1550 
Lake whitefish 0.0 0.0 0.0 4.0 L520 
Walleye oo 1.6 4.5 L336 15.0 
Burbot 0.0 0.0 Lec L-6 10-0 
Northern pike 4A.5 0.0 4.5 ie6 5.0 
Trout-perch 40.9 SS S29 So rAS 50 
Spottail shiner’ 13.6 6.5 8.0 6.4 5.0 
Stickleback Pilea LOE 4.5 49 SiKe) 
Unidad. fish 0.0 oa Ono 9.9 0.0 
Unid. coregonid 0.0 0.0 i Re) 2.4 0.0 
Invertebrates 45.5 pa | Sarl S20 Boa 
% of sample 84.6 43.1 oe 48.3 50.0 
feeding 


Sample size 26 82 235 258 40 
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‘than 50 cm fork length. Walleye were consumed by all size 
classes of northern pike. The young of the year walleye 
occurred’ in’ the diet o£f°20-29° cm northern pike. “Intermediate 
sized northern pike, *'30-49*cm"fork Length, took few walleye, 
but this prey became gradually more important in the diet 

Of= predators in the 50-59°em and “60=-69~'cm size Classes. 
Burbot were absent from the diet of northern pike below 

40 cm fork length, and attained a maximum level of occur- 
rence in predators of 60-69 cm. Cannibalism occurred in 

as emt Ene 50-359 "em “Srzerclass or northern pike but 

tended to be low in all cases. The three small forage fish 
species all followed a similar pattern of maximum occur- 
rence in northern “pike of 20-29 cm, “and correspondingly 
diminished in frequency of occurrence in each successively 
Parger Size -class ror predator. "OL “these “three “species, 
trout-perch occurred most frequently in northern pike stomachs 
overall, with ninespine  sticklebacks second, and spottail 
Shiners third. Invertebrates occurred most frequently is 
northern pike of 30-39 cm fork length, and showed a gradual 


decline in each successively larger size class of predator. 


5. Predator-prey Size Relationships - 


Data indicate that size selection of prey is exercised 
by northern pike, which may heip. to explain the ditirerences 
in the composition of the diets of the various size classes 


of northern pike. 
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The ratio of prey length to predator length has been 
used by Frost (1954) and Lawler (1965) to examine the import- 
ance of predator-prey size relationships. Present findings 
indicate no significant correlation between predator length 
and the ratio of prey length to predator length when all 
size classes of predator were grouped for the analysis 
(Table 4). This was clearly a result of a negative correla- 
tion between these two parameters in the smallest through to 
the intermediate (40-45 cm) size classes of predator (Table 
4). The correlation then became positive in the inter- 
mediate (45-50 cm) through to the largest size classes of 
predator (Table 4). This indicates the occurrence of a dis- 
tinct change in the food habits of northern pike once they 
surpass 45 cm in fork length. These findings elso suggest 
that length of prey may not be the most critical measurement 


determining the maximum size of prey consumed. 


Most prey fish.are.turned.on their side before being 
ingested by northern pike. This suggests that the critical 
relationship, determining maximum size of prey consumed, is 
that between the maximum jaw width of the predator and 
maximum body depth of prey fish. Johnson (1969) suggests, 
‘but does not statistically test, the importance of this 
relationship. Present findings indicate that the correlation 
between the jaw width of northern pike and the ratio of prey 
depth to predator jaw width is significant (r = +0.91) 


(Table. 5):. 
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Table 4. The relationship between predator length and the 
everage, prey length ‘to predator length ratio. 
Data from 1973 and 1974 combined. 


Fork length 20 25 30 S5 40 45 50 55 60 65 
OPenoOrtiesn to to to to tO to to iO ice to 


Average fs OMe OME om ie LOms 2G 29) 2G ) WSO) is 3G 
prey length 

to predator 

Léngth 

LAaAciLoO 


r = 40.69 


Overa Pi Caverage tprey “length ttarpredater léngth ratios =r0.27 


Table 5. The relationship between jaw width of predator 
and the average maximum body depth of prey to 
jaw width of predator ratio. All measurements 
in cm. Data from 1973-and 1974. combined. 


Taw 

width 3 5A OT 4155.50 (52 5 On eGo. fe) Ce Once &. S.0 95 
NGoGthemn CEORPEGG ZEON EO SEORFSEOSEZEORELEO® CORREO. SLOneLoOaLeoO 

pike As0vea.S 520 Sa5. 6.06 258 0 a, eS oo. 00 0 


depth et Be Os oe oo) heey TAG CoO pO Ne 0) SOs (are 
predator 

jaw 

width 

ratio 

r = 40.9] 


Overall prey depth to predator jaw width ratio = 0.49 
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It was shown that female northern pike, cn the average, 
had wider jaws than males of the same fork length (Figure 8). 
It might be expected that this dimorphism could, to some 
extent, effect the relative sizes’ of prey fish consumed by 


each sex. 


As expected, especially in the larger size classes of 
northern pike, females tended to consume prey fish of 
greater body depth than those consumed by males of the same 
fork length (Figure 14). The slopes of the regression lines 
are significantly different (p<0.01). The values are 
low, but given the opportunistic nature of northern pike 


predation: this might be expected in the wild. 


The prey size differences between male and female 
northern pike were manifest in the species composition of 
the diet of each sex. Females tended to utilize the larger 
species of prey fish to a greater extent than did the males 
(Table 6). Most evident was the complete absence of lake 
whitefish (deepest bodied prey fish) from the diet of male 
northern pike, and the 5.4% frequency of occurrence of this 
species in the diet of females. White suckers also had a dis- 
proportionately higher percent occurrence in the. diet_of 
female northern pike (Table 6). Cisco, walleye, burbot, and 
northern pike all had a slightly higher frequency of occur- 
rence in female northern pike stomachs. Smaller forage fish, 


occurred more frequently in the diet of males (Table 6). 
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Table 6. The average percent occurrence of the major food 
items in the diet of male and female northern 
pike from Kakisa Lake’. -~Data from 1973 and 1974 
combined. Values given as percent occurrence of 
food items in feeding fish. 


Food Item Percent Occurrence in 
Males Females 
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Lake whitefish Oo. 5.4 
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DISCUSSION 


A. Growth 


The growth rates of northern pike from Kakisa Lake 
appear to be considerably higher than those reported by 
Miller and Kennedy (1948) for Great Slave Lake fish. The 
rates of growth in the Kakisa Lake population, never the 
less, are lower than those found at more southerly latitudes, 
such as Seibert Lake, Alberta (Makowecki, 1973). Due to its 
shallow basin Kakisa Lake has a relatavelyslong -Lceafree 
period, and exhibits higher average summer water tempera- 
tures than, is usual for lakes, at this latitude. . These two 
limnological factors may largely explain why the growth rate 
of Kakisa Lake northern pike is higher than that of Great 


Slave Lake fish. 


Miller and Kennedy (1948) also state that females live 
longer than males, but that males and females of the same 
/ age are Similar in size. In Kakisa Lake females do tend to 
live one year longer than males, but the growth rate of 
mature females exceeds that of males of the same age (Figure 
5 and 6). In this respect Kakisa Lake northern pike resemble 
more southerly populations, such as those studied by Solman 
(1945) and Clark and Brown (1965). In those populations 
females tend to display higher growth rates than males. 


Healy's (1956) work is supported by present findings, since 
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he finds that the growth rates of males and females do not 
differ significantly before sexual maturity. Frost and 
Kipling (1959) #rand iGlark and Brown (1965) report mature 
females to be heavier than mature males of the same length. 
This is not expressed in the Kakisa Lake population, where 
mature individuals of the two sexes display similarity of 
weight at any given length (Figure 7). The closeness of the 


regression lines (Figure 7) indicates that in Kakisa Lake 


male and female northern pike are alike in general body form. 


The maximum ages of seven and eight years for male and 
female northern pike respectively are extremely low (Figure 
6). For males and females respectively, Millier and Kennedy 
(1948) list 14 and 17 years as maximum age in Great Slave 
Lake, and Makowecki (1973) lists 14 and 13 years as maximum 
age in Seibert Lake. Scott and Crossman (1973) state that 
northern pike display "a decline in growth rate northward 
and a corresponding increase’ in longevity". Thus Le might 
be expected that Kakisa Lake fish would have a shorter life 
span than the slower growing Great Slave Lake population, 
but a longer life span than the faster growing Seibert Lake 
northern pike. This abnormity appears to be.ardirect result 
of the selective removal of most large northern pike by the 
intensive commercial fishery operating on Kakisa Lake during 


the spring spawning run. 
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B. Feeding 


1. Food Intake Patterns 


The spawning fast exhibited by Kakisa Lake northern 
pike is consistent with the findings of McNamara (1937) and 
Frost (1954), but not with the suggestions of Healy (1956) 
Ehat.no such, fast.exists.. It seems that such a reduction 
in feeding, especially piscivorous, might have a definite 
value to northern pike. Because of the sexual dimorphism in 
body size, many males involved_in spawning activities are 
within the acceptable prey size range of older females. 
From observations made it is evident that under normal feed- 
ing conditions northern pike will. resort to, cannibalism if 
the opportunity is available. Normal predatory responses 
Guring. the spawning, run.could result jin a significant 
diminution of the ranks of smaller males and females. 
Cannibalistic acts would also have a disruptive effect on 
actual spawning activities. A reduction in feeding might 
also insure that spawning occurred rapidly, under cptimal 
conditions. ..With post-—spawning return to _.the lake, feeding 
resumes, and cannibalism reaches its highest level of the 
summer; which is apparently a result of the temporarily high 
densities of post-spawning individuals dispersing from the 
spawning streams. This hypothesis may also partially explain 
observations that male northern pike enter the spawning 


grounds: seven to ten days prior to females, and leave 
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one to three weeks after females. With this strategy males 
could, to some extent, avoid the concentrations of potential 


predators both before and after spawning. 


The pattern of consumption of invertebrates (Figure 10) 
during the spring and early summer period suggests that the 
Spawning fast is not merely a result of low food avail- 
ability. During May the late instars of Peaceceranee 
anizopterans, and amphipods are at their peak abundance and 
availability in the littoral areas and spawning rivers of 
Kakisa Lake (Lamoureux, 1973; D. Musbach, pers. comm. 1976). 
Although 25% of the northern pike captured in May did contain 
invertebrates as exclusive food, over 50% of these fish had 
only. one or ctwouvindividuatls jin-their stomach. This—suggests 
that feeding on these abundant organisms is curtailed at 
this itime, ‘sincesfollowing ‘spawning the numbex..offinvert— 


ebrates per stomach increases sharply (Figure 10). 


Popova (1967) and Roberts (1975) indicate the importance 
of considering rate of digestion when using percent occur- 
rence of empty stomachs as an indicator of feeding rate 
in a population of piscivorous fish. In May, when water 
temperatures are low, the percent occurrence of empty stom- 
achs in Kakisa Lake northern pike is 65%. At May water temp- 
eratures, digestion of prey can require from three to five 
days (Popova, 1967). Thus a predator is only required to 


feed every three to five days to have food in its stomach 
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continually. In June, July, and August the occurrence of 
empty stomachs remained near 40% (Figure 9). At summer 
water temperatures, digestion requires only one to two days 
(Popova, 1967). Thus a fish must feed at least every second 
day to have food in its stomach’ continually. As a result 
of this difference, the spring feeding rates are actually 
overestimates when compared to the summer and early fall 
races. IU appears that feeding sates. in: the spring may. act— 
ually be 20 to 25% lower than those predicted from simple 
occurrence of empty stomachs in the population. This fact 
may suggest one reason for the failure of other studies 


to detect a spring spawning fast in northern pike populations. 


The wide week to week fluctuations in feeding intensity, 
(numbers of fish per stomach) illustrated in Figure 11, are 
a salient feature of northern pike populations. Frost 
(1954) and Ince and Thorpe (1976) agree that the species is 
particularly well adapted for surviving extended periods of 
Starvation. Lrost. (1954). 2150. Staves, o ehict.1t visa popular 
belief that periodic abstinence characterizes northern pike 
feeding habits." Roberts (1975) suggests the existence of 
a lag period between completion of digestion of food and 
consumption of the next meal. These findings are similar to 
those of the present study, and may explain the character- 
isticaliy high incidence of empty stomachs in northern pike 


populations at all times of the year. 
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2. Food Species 


The tendency of Kakisa Lake northern pike to be mainly 
piscivorous parallels the findings of Frost {1954), Healy 
(1956) , Seaburg and Moyle (1964), and others. In contrast 
to most studies, the percent occurrence and relative 
importance of invertebrates in the diet is higher than that 
reported for more southerly populations. In the Murphy 
Flowage, Wisconsin, the maximum percent occurrence of invert- 
ebrates in the diét of northern pike was 2.7% (Johnson, 
1969). Toner and Lawler (1969) report a 3.6% occurrence 
of insects in Minnesota fish. In Kakisa Lake it appears 
that the large invertebrates resident in and around the 
mouths of the spawning rivers are the first abundant food 
source encountered by post~spawning northern pike. Scuba 
diving observations suggest that forage fish are not abundant 
in the spawning rivers when northern pike are returning to 
the lake. These facts may account for the abnormally high 
incidence: of invertebrates in the diet of Kakisa Lake fish 


during late May and early June (Figure 12). 


Year to year fluctuations in the importance of various 
prey species in the diet of northern pike (Figure 12) have 
also been reported by Frost (1954), Lawler (Togs meena on 
(1969), and Ivanova (1969). Ivanova (1969) suggests that 
such changes are due to fluctuations in prey availability, 


caused by factors such as altered water levels, which affect 
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prey spawning and feeding habits. Basic differences in the 
year class strengths of prey species have also been imp- 


licated in this respect (Lawler, 1965). 


The two coregonid species are abundant in the pelagic 
regions of Kakisa Lake. Shoreward feeding and spawning 
movements result in concentrations of these fish in areas 
frequented by northern pike. Relative numbers of these 
species caught in standard test gang nets suggest that the 
population of cisco is approximately three times aoedtes 
tnhantthat ofelakeliwhitefisns cThisedifferencéiin relative 
abundance may partially explain the higher incidence of 
cisco in the diet of northern pike. Both Lawler (1965) 
and Roberts (1975) xeport extremely low frequencies of 
occurrence of coregonids in the diet of northern pike in 
Heming and Cold Lakes respectively. Lake whitefish do occur 
at low levels in Kakisa Lake northern pike (approximately 
2.2% occurrence in feeding fish), which agrees with the 
findings cf Roberts (1975). Cisco occur more frequently 
than any other fish in the diet of Kakisa Lake northern 
pike. The average frequency of occurrence in feeding fish 
is approximately 18%. In the studies of Lawler (1965) and 
Roberts (1975) cisco were found to be of minor importance in 
the diet. Miller (1956) reports the average fork length of 
CobaeLake (cisco aso2Z0* tor25%em;, ‘which feesimi lar ctowehe "size 
of those from Kakisa Lake. Thus size does not seém to 


explain the different levels of occurrence of cisco in the 
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diet of northern pike from Cold and Kakisa Lakes. Roberts 
(1975) notes that over the summer cisco become less common 

in the “littoral region of Cold Lake: in + Kakisa Lake cisco 
become more abundant in the shallows as the summer progresses. 
TniLs drirrerence* in distrroution appéars to account “fora large 
portion of the disparity between the frequency of occurrence 


of cisco in the diet of northern pike from these two lakes. 


The phenomenon of differential importance of a prey 
species to northern pike from different lakes appears to 
Cxist“rer*most *Ouner species -ofr*prey Fish? "his further 
points tothe importance oF Felative.-abundance. of ' prey 


in determining the diet of northern pike. 


Data from Lamoureux (1973) and the present study 
indicate that walleye are approximately equal to lake white- 
fish in abundance in Kakisa Lake. Hoogland et al (1956) 
indicate that northern pike encounter considerable difficulty 
in swallowing spiny prey fish. Given the relative pop- 
ulation size and the deterrent offered by their spines, it 
would seem that walleye should have little importance in 
the diet of the northern pike from Kakisa Lake. This is not 
the case, since walleye were eaten more frequently than most 


soft-rayed species of fish present (Figure 12). Apparently 


these predators show some selective preference for walleye. 
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White suckers were the second most important food fish 
esbokh years of the study (Figure 12). The population of 
this species appears to be approximately one-half that of the 
lake whitefish or walleye. The frequency of occurrence of 
white suckers in the diet of northern pike is higher than 
would be expected on the basis of total numbers. Netting 
data suggest that this prey species is largely restricted to 
the littoral areas in Kakisa Lake, a trait which would make 


it more available to northern pike. 


The low frequency of occurrence of burbot in the diet 
seems to be a result of the extremely low population levels 
of. this» species, in.Kakisa Lake.  The,relatively, large size 
of individuals taken by northern pike accounts for the 


importance of this species in the diet. 


Cannibalistic activitses) Contripure signrireantly to 
the diet... The high. density and wide range of sizes of 
northern pike in the littoral areas of the lake might suggest 
an even higher occurrence of this phenomenon. The explain- 
ation for the low frequency of cannibalism appears to relate 
to the behavior of small northern pike when confronted by 
potential conspecific predators. This topic will be discus- 


sed further in relation to behavioral observations. 


Feeding on trout-perch and ninespine stickleback cor- 


responds with the levels of relative abundance of these prey. 
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| Specific information on population levels of these fish is 
lacking, therefore quantitative substantiation of this trend 
is not possible. However, seasonal changes in occurrence of 
these species in the diet of northern pike do lend qualit- 


ative support to the relative abundance hypothesis. 


Spottail shiners are the most abundant forage fish in 
the littoral region of Kakisa Lake. The approximate average 
number of spottail shiners seen on the 22 meter long, Muskeg 
River transects was 235. Northern pike were often noted in 
the: immediate vicinity of the transects, yet in northern pike 
stomachs examined, spottail shiners never attained a fre- 
quency of occurrence above 10% in any month. This para- 
doxical situation may arise as a result of the predation 
recucing attributes’ Of spottarl shiner schooling, behavior, 


as suggested by Nursail (1973). 


For most prey species the level of occurrence in the 
diet of northern pike appears to depend on the level of 
relative abundance of the particular species in the littoral 
zone. These findings are in agreement with those of Frost 
(1954) and Ivanova (1969). Walleye, spottail shiner, and 
northern pike represent exceptions to this trend. Selective 
feeding by northern pike appears to operate in the case of 
walleye. Reduced availability, resulting from unique behav- 
joral traits, explains the lower than expected levels of 


occurrence of northern pike and spottail shiners in the diet. 
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3... Seasonal Changes in, Diet 


The spring to autumn rise in frequency of occurrence 
of cisco in the diet of northern pike (Figure 13) appears to 
bea result Of increases, in abundance of this prey in the 
shallows of the lake. Shallow water gill net catches of 
cisco show a corresponding increase over the same period. 
It seems that this fish gradually increases its inshore 
feeding over the summer, and as a result becomes more 
available to northern pike. The high incidence of cisco ‘in 
northern pike stomachs during mid to late August is 
perhaps a result of incipient, prebreeding movements of 
this prey fish toward’ its inshore spawning grounds. This 
is suggested by the high ssrcestarauarteyets of gravid female cisco 
consumed at this time. This pattern of consumption of 
cisco is in contrast to thet found in deeper lakes. 

Roberts (1975) finds that Cold Lake cisco move to deeper 
areas during the summer months, which would result ina 
decreased availability to northern pike, and hence less 


frequent occurrence in the diet. 


Shallow water gillnet catches of white suckers in 
Kakisa Lake averaged 7.3 fish/net in June, 10.4 fish/net 
in July, and: 3.3 £ish/net in August. Thas pattern ofyreia= 
tive abundance follows the rise and decline in occurrence of 
this species in the diet of northern pike (Figure V3). 
Lawler (1965) finds the occurrence of white suckers in 


northern pike stomachs remains below 10% throughout the 
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summer period, but rises during the winter. He suggests that 
a seasonal spatial separation of northern pike and white 
suckers depresses the observed rate of predation. It 

appears that Kakisa Lake white suckers do not remain off 
snore during the wnole sunmer* period. This factor may 
account for the high frequency of occurrence of this prey 

in the mid to late summer diet of northern pike from 


Kakisa Lake (Figure 13). 


Following the low level of occurrence during the spawn- 
ing fast, the incidence of walleye in the stomachs of 
northern pike remains fairly constant over the summer 
(Figure 13). This testifies to the evenness of distribution 
of this prey fish throughout the lake, and its consistency 
of habits during the summer period. Lawler (1965) and 
Roberts (1975), both working on lakes deeper than Kakisa, 
found walleye to be infrequent in the summer diet of 
northern pike. Makowecki (1973), studying Seibert Lake 
(maximum depth 11m), found walleye to have a summer average 
occurrence of 2:8% in northern pike.” ~In’ Kakisa Lake, the 
shallowest of these four lakes, the average frequency 
of walleye in the diet of northern pike was 9.4%. Walleye 
remain in the deeper regions during the day in lakes 
which thermally stratify and have low turbidity in the summer 
(Scott and Crossman, 1973). In shallower lakes, ‘such as 


Kakisa, which have low transparency and isothermal conditions 
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GG the summer, walleye range into shallow littoral areas, 
and extend their activity periods into the daylight hours. 
This presumably explains the continued high level of 
importance of walleye in the diet of northern pike through- 


out the summer in Kakisa Lake. 


The temporarily high densities of northern pike around 
the mouths of the spawning streams in May would result in 
ane Increased Opportunity for acts of cannibalism. With 
dispersal of fish, the incidence of cannibalism declines to 
a stable, fower Vevel through dune’ and July. .- A slight 
rise again in August correlates with increased feeding on 
young of the year. These fish have attained a sized 
acceptable for predation, and thus are occasionally consumed. 
The pattern of cannibalism observed appears consistent 


with the findings of Frost (1954) and Lawler (1965). 


During May, trout-perch were the most frequently 
consumed prey fish (Figure 13). In the spring, this species 
moves shoreward, and forms spawning aggregations in the 
littoral region -(Scott and Crossman, 1973). “Frost (1954) 
explains that such “congregations of breeding fish are easy 
prey “Lor northern’ pike.” Up to nine “ripe female tCroug-perch 
were found in a single northern pike stomach during this 
period. The development of a spawning fast in the northern 
pike population may have precluded an even greater utilization 


of this abundant and available forage fish during May. 
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From June to August the numbers of trout-perch increase in 
the diet. This species inhabits offshore areas during the 
daylight hours, and moves shoreward during the dusk to 

dawn period (Paetz and Nelson, 1970). With increasing 
duration of the night, following the summer solstice, trout- 
perch should remain inshore for correspondingly longer 
periods. This would increase their availability to northern 
pike, and account for the highest level of consumption 


reached in August (Figure 13). 


Spottail shiners show a low but stable frequency of 
occurrence in northern pike stomachs throughout the summer 


(Figure 13). Lawler (1965) reports the existence of a 


Similar situation in Heming Lake. In Kakisa Lake the species 


tends to be abundant in the littoral region throughout the 
summer,; apparently. in.excess in, relation, to.utilization: by 


northern pike. 


Ninespine, stickleback.anre, pelagic.in lakes ,during the 
spring period (Scott and Crossman, 1973; pers. observ., 
Kakisa Lake). This is reflected in their complete absence 
from the diet of northern pike during May (Figure 13). 
During June, ninespine sticklebacks move into littoral 
Peat ene to breed. At this time they achieve their maximum 
level of occurrence in the stomachs of northern pike. This 
situation is similar to that found in Cold Lake by Roberts 


(1975), who reports a preponderance of gravid female 
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ninespine sticklebacks in the diet at this time. Decreased 
availability, as a result of termination of breeding and 
subsequent dispersal, seems to account for lower occurrence 
of ninespine stickleback in the diet of northern pike for 
Tae ree. OL the summer. Lawler (1965) finds this prey to, 
occur infrequently in the diet over the entire summer, with 


no peaks associated with its breeding activities. 


Amphipeds and odonatans comprise the majority of invert- 
ebrates consumed during May (Figure 13), when Be oe ee 
in general attain their highest occurrence in the diet. 

Late instars of these two major groups are abundant in the 
vegetated shallows of the lake and spawning rivers during 
May and June (D. Musbech, pers. comm.). Lamoureux (1973) 
indicates that large ampvhipods decline in abundance in 
Kakisa Lake over the summer. This parallels their cecline 
in the diet of northern pike. Odonatans show a similar 
decline in the diet, presumably as a result of the depletion 
of the final nymphal instars which emerge as adults. 

Other invertebrates (Figure 13) are mainly Hirudinea, 
trichopterans, and ephemeropterans. This general group 
declines more gradually over the summer, since only a portion 
of the organisms included in this category emerge from the 
aquatic environment. A portion of the decline of invert- 
ebrates in the diet over the summer is likely owing to the 


increase of piscivorous tendencies in the predator population. 
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4. Predator Size and Diet Composition 


The findings of Frost (1954), Beyerle and Williams 
(1968), and those of the present study all suggest that the 
diet of northern pike changes with growth of the predator. 
Spatial separation of certain size groups of northern pike 
irom-sSome prey species is partially responsible for the 
changes observed. Also important is the increase of prefer- 
red prey size with imerease in predator size, as noted by 


Nikolsky (1963), Johnson (1969), and others. 


CiS5coO which firstlaepeeer ian the diet of 30-39 °-em 
northern pikewzare of age classes 1+ and 2+. Young of the 
year of this prey species were never obtained, from the 
shallows of Kakisa Lake by trawling or se€ining. This-ap- 
parent avoidance of the littoral zone by young cisco may 
explain their absence from the diet of 20-29 cm predators 
(Table 3). Cisco were prominent in the diet of all larger 
size classes of northern pike, reaching a peak in the 50-59 
cm size class. Cisco in Kakisa Lake seldom exceed 150 gm 
or 25 cm in fork length, with average length being 18 cm. 
Optimum prey size values given by Hoogland et al (1956) and 
Nursall (1973) predict the high importance of these stunted 
cisco in the diet of the 40-49 and 50-59 cm size classes of 
northern pike. Cisco never attain a size suftictently large 
to make them invulnerable to predation by northern pike 
in Kakisa Lake. This fact, coupled ‘wlth the very Large 


cisco population, may account for the commonness of this 
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species in the diet of northern pike. 


White suckers follow a pattern of occurrence similar to 
that of cisco (Table 3). The lack of importance of white 
suckers in the diet of 20-29 cm northern pike may be a 
result of a spatial separation from the predator, as sugges- 
ted by Lawler (1965). In Kakisa Lake, young white suckers 
frequent gravelly or sandy shore lines and the outer edges 
of macrophyte beds. Most small northern pike frequent very 
shallow areas of emergent aquatic vegetation. Hence contact 
between 'the™young of "the *two* species may ‘be minimal. Also, 
it appears that schooling behavior of young white suckers 
may reduce their availability to young northern pike. In- 
crease in size of this prey is accompanied by a diminution 
of integrated schooling tendencies, and presumably a reduc- 
tion in the protection from predation afforded by’ this habit. 
As a result the intermediate sizes of white suckers are most 
available to northern pike, and are consumed more frequently 
than the other size classes of the species (Table 3). 
However, the rapid growth of white suckers acts to reduce 
predation on older fish by increasing their size to the 
point where they are to large to be ingested by all but 


the largest predators. 


Small lake whitefish were rare in the littoral regions 
of Kakisa Lake, while larger individuals (age 3+ years and 
older) did move into the littoral regions. This situation 


is similar to that described for white suckers, and 
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presumably, similar factors control the pattern of consump- 


tion of lake white fish by northern pike (Table 3). 


Netting and seining operations indicate that most age 
classes of walleye above 0+ are distributed throughout the 
enti re®lake. “a o0Thei ryoccurrence® in® thesstomachs! ofpallusize 
classes of northern pike is likely a result of this general 
distribution. Walleye are found most often in the largest 
northern pike (Table 3). This substantiates findings of 
Frost (1954), which indicate that the percentage of spiny 
prey consumed increases with increasing size of northern 


Pike. 


Burbot are absent from the diet of northern pike of 
less than 40 cm fork length (Table 3). During the early 
years’o£f Life. burbotl inhabit open shore° lines, where? they 
remain hidden beneath rocks and debris (Scott and Crossman, 
1973). Open areas are rarely frequented by northern pike in 
Kakisa Lake, hence they would rarely encounter small burbot. 
Older burbot are benthic in the pelagic regions of most 
lakes (Lawler, 1963). A small number of mature individuals 
were observed in the littoral regions of Kakisa Lake, where 
they would have been available to northern pike. The large 
size of the burbot seen would seem to restrict their avail- 
ability to only the largest northern pike. This, is borne 
out by data (Table 3) indicating that burbot are most 


heavily preyed upon by 60-69 cm northern pike. 
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Cannibalism occurs at low levels in most size classes 
of northern pike in Kakisa Lake (Table 3). This is eee 
to the situation in Lake Windermere (Frost, 1954). The 
reason, ;for,ithe absence jof, cannibalism )in the, 30-39, cm 
Size group is not immediately apparent. Possibly a change 
in general habitat preference separates this group from 


smaller conspecifics which could act as prey. 


Shes paLteerns, Of Consumpeion of trout—perch.,, spottail 
Shaver, and ninespine stickleback ail illustrate clearly the 
shift in diet of growing northern pike (Table 3). The 
maximum sizes attained by these three prey species are not 
sufficiently large to prevent predation by even the 20-29 cm 
predators. These prey species all show a similar pattern 
Of highest frequency” of occurrence in the diet..of 20—29\.cm 
northern pike. Their opeurrence then declines gradually 
through each successively larger size class of predator. 
This pattern is also evident in the consumption of invert- 
ebrates. Frost (1954) found and inverse relationship 
between percent occurrence of both the minnow Phoxinus 
phoxinus and invertebrates, and the size of northern pike. 
In Heming Lake, spottail shiners decline in their frequency 
of occurrence in the diet with increase in size of northern 
pike (Lawler, 1965). Lawler (1965) and Roberts (1975) do 
point out exceptions to this general trend. They both 
report trout-perch to be of high importance to northern pike 


from 20-69 cm fork length. In these cases the larger 
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predators are utilizing small prey which are aggregated and 
available. The small size of prey is compensated by an 
increase in the numbers consumed by successively larger 
northern pike. In Kakisa Lake a similar situation develops 
temporarily in June when spawning ninespine sticklebacks are 


consumed by most sizes of northern pike. 


5. Predator—prey Size’ Relationships 


The effects of predator size on diet composition have 
been discussed in the preceding section, hence specific 


prey species will not be considered here. 


Prey size relative to size of northern pike has been 
discussed by Frost (1954), Nikolsky (1963), and Popova 
(1967). Absolute prey length is found to increase concom- 
itantly with predator length, as. reported by all three 
workers. Popova (1967) also states that relative prey 
length declines with increase in length of predator. This 
is in disagreement with the findings of the present study 
(Table 4). Relative prey size is slightly lower for inter- 
mediate sized northern pike, but rises to its highest level 
an°the largest predators. The existence’ of a relatrenuship 
between relative prey size and predator size must depend 
upon the size classes of prey available. Absence of certain 
size classes of prey could change the pattern of this rela- 
tionship, a fact which may explain the conflicting findings 


of Popova (1967). The overall average prey length to 
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predator length ratio of 0.27 for Kakisa Lake northern 
pike agrees closely with the figure of 0.25 reported as 


optimum by Nursall (1973). 


The relationship between maximum body depth of prey 
and mouth width of northern pike is much more constant than 
that of prey length and predator length. During the present 
study, and those of Johnson (1969) and Roberts (1975), 
northern pike were occasionally found with prey fish, too 
long to swallow completely, protruding beyond their jaws. 
Also, it is apparent that forage fish species consumed are 
of a variety of body forms, with some species having a greater 
depth to length ratio than others. These two factors tend 
to obscure the pattern of size related predation if length 
o£ prey. is,the criterion used. . The, body. depth.to jaw width 
ratio indicates clearly that size selective precation is an 
intrinsic trait of northern pike, where the oppertunity is 
available. The overall average ratio of prey depth to jaw 
width of northern pike from Kakisa Lake was 0.49, which 
agrees well with the value of 0.50 to 0.59 obtained by 
Johnson (1969). These data indicate that the relative size 
(body depth) of prey consumed increases with predator size 
(Table 5). This finding is in disagreement with the sug- 
gestion of Ivlev (1961), who without qualifying stated, 
"that predators of all size classes prefer to devour victims 


of the largest size possible." 
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The problem of the significance of prey size relative 
to predator size is complex because of the numerous variables 
involved, and studies on the subject are lacking. Davis and 
Warren (1968) state that they "know of no reliable inforn- 
ation on the changes in the relationship between food 
consumption and growth with change in age or size of the 
fish." Johnson (1966a) does state that the relative main- 
tainance requirements of northern pike increase with size, 
in natural populations. There is also some suggestion that 
the predatory act itself may become metabolically more 
Gostly for, larger fish.» Brett (1965), .states: 

"There is a rapid decline in the relative ability to 

maintain a sustained swimming speed as fish size 

increases. This decay occurs despite a relative 

increase in body musculature (45% for 30 g; 60% for 

1500 g) ana a progressive increase in metabolic 

scope. Even with these assets it is apparent that 

the hydrodynamic drag which accompanies increased 

size is only partially met.* The metabolic process 

is not a match for the great energy cost of sus- 

tained high speed for large fish. 
On the basis of this information it appears that it may be 
necessary for larger predators to select prey which approach 
more closely the maximum size ingestible, in order to reduce 
the number of predatory acts required to become sated. In 
smaller predators the predatory act itself is relatively less 
costly, due to the significantly lower retative energy less 
from pursuit. Thus a small predator could feed econamnically, 
using a number of predatory acts, on relatively smaller prey, 


which would be more frequently encountered owing to their 


great numbers. 
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The differences in the relative sizes of prey consumed 
by male and female northern pike of the same length (Figure 
14) is significant in two respects. Firstly, it is likely 
that this habit functions as an immediate means of reducing 
competition between the sexes sThis is accomplished by 
allowing the species to.broaden the resource base upon which 
it depends. The differences between the diets of males and 
females (Table 6) suggest that this is occurring in the Kak- 
isa Lake population. Schoener (1967) has found differences 
between the diets of male and female lizards of the genus 
Anolis. “lnese he attriputes toa’ relatively: larger’*head 
Size in males. The differences in feeding by male and 
female northern pike may also function as an ultimate means 
of reducing competition by enhancing the development of 
the sexual Gqimorphiism ‘in’ body size.’ Secondly,” because of 
the higher metabolic expenditure of females (suzjzested by 
Casselman, 1975) related to gonadal development, it may 
be necessary for this sex to consume relatively larger 
prey. This would allow for a higher efficiency of predation, 
by reducing capture costs,” and thus iLree more nutrient tor 


gonadal. production and growth. 
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EIL. Behavior 


A. General Activity 


RESULTS 


The basic behavior pattern of northern pike was typi- 
fied by extended periods of “inactivity punctuated by periods 
of activity of variable length. Northern pike were active 
for approximately 20 to 40% of the daylight hours; the 
remaining daylight hours were spent inactive, with no 
EGCOMOLOLrY behav20r occurring. The. values given are averages, 
Since day tc day fluctuations in activity were typical of 
all fish studiec..- For the purposes. of this.study @a fish 
Was COonSsiceréd to oe -ective if it exhibited movenent.as .a 
result of locomotory behavior .for a period of greater than 
10 seconds. Conversely,.a fish was considered to be inactive 
if it exhibited no movement due to locomotory behavior for 
a period of at least five minutes. This system was employed 
Since northern pike occasionally made very minor postural 
adjustments during extended periods of inactivity, and 
executed frequent, brief stops during extended periods of 
activity. Very slight movements of the paired and median 
fins, used to maintain balance while stationary, were not 


considered to be locomotory movements. 
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1. Locomotory Behavior 


The locomotory movements of northern pike can be sep- 
arated into four basic types, forward locomotion, backward 
locomotion, turning, and stopping. The specialized move- 
ments and postures associated with predatory and social 
activities will be considered separately. Swimming speeds 
listed, were determined by timing the travel of fish over a 


known distance in the observation area. 


Forward movement 


Forward movement by northern pike was produced in two 


basic manners, depending upon the speed of travel undertaken. 


Slow forward movement, approximately 0.05 m/sec or less, 
was produced by means of sculling movements of the pectoral 
fins. The. posterior borders of the dorsal and anal fins 
swept delicately from side to side, producing additional 
forward thrust. Forward movement produced in this manner 
allowed the trunk of the fish to remain straight. The term 
ssCulling locomotion “will be used Co denote thie type ‘of 


swimming. 


The second mode of forward locomotion, basic to all 
faster swimming, involved the passage of a wave along the 
trunk of the fish, increasing in amplitude towards the tail. 


These body undulations moved the caudal, dorsal, and anal 
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tins iback and forth across the midline of the long axis of 
the body. In this type of locomotion the pectoral and pelvic 
fins were held close to the body. eerer ot Categories of 
swimming employing this type of locomotion could be dis- 
tinguished. Slow cruising, -approximately 0.05 to 0.25. m/sec, 
was the slowest and most frequently observed form. Moderate 
or intermediate swimming, 0.25 to 0.75 m/sec, was used by 
northern pike approaching objects in the water (ie. other 
fish, prey organisms). Burst swimming, 1.0 to 2.5 m/sec, 

was used mainly in predatory and fright reactions. Gray 
(1957) lists the maximum observed swimming speeds of northern 


Dine ac) 5 tom... m/sec, 


Backward movement 


Backing up was observed to occur when nort}iern pike 
were moving out of confined spaces where forward movement was 
not possible, and also occasionally during social and pred- 
atony. activaities.. The propulsivewtonce elor this type of 
movement was produced with all fins except the caudal fin. 
The body was held straight, as in slow forward sculling. 

The pectoral fins reversed the forward sculling motion, thus 
directing the propulsive force forward. The pelvic fins were 
employed in a similar manner, but their movements appeared 
weaker than those of the pectorals. The posterior borders 

of the dorsal and anal fins were flexed laterally and anter- 
iorly repeatedly to one side. Backward movement was slow, 


probably less than 0.05 m/sec. 
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Turning 


Northern pike employed two methods of turning. The 
first method was used when a stationary or very slow moving 
fish executed a slow turn. In this case the body of the 
fish remained straight, while the pectoral, pelvic, and 
median fins produced the propulsive forces. The paired fins 
swept forward on one side of the body while sweeping back- 
ward on the other side. The propulsive forces, thus produced, 
imparted lateral torque to the body. The posterior borders 
of the median fins were repeatedly reflexed laterally in 
unison to the side of the body having the paired fins point- 
ing forward. The second method of turning was employed when 
fish were swimming using caudal peduncle propulsion. The 
turm was produced by projecting the paired fins on one side 
Of the body laterally in the vertical plane, while the caudal 
peduncle was flexed sharply to the same side. This caused 
an abrupt turn, the sharpness of which was determined by the 


degree of flexion of the caudal peduncle. 


Stopping 


The cessation of forward movement could occur pas- 
sively by termination of locomotory movements, and conse- 
quent gliding to a stop. Movement was also stopped by pro- 
jecting the paired fins laterally in the vertical plane. 
This was accompanied by flexion of the caudal peduncle 


laterally. The strength and magnitude of these movements 
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determined the abruptness of the stop. 


ae HCtivity and Habitat Utilization 


Three general habitat types were available within the 
observation area. 1. Vegetated habitat was defined as 
areas having dense submergent or emergent beds of aquatic 
macrophytes, with plant coverage of approximately 30% or 
greater. 2. Cover habitats were those areas with less 
than 30% plant cover directly under overhanging riparian 
vegetation, and all areas within 0.3 m of the outer borders 
of aquatic macrophyte beds. 3. Open habitat was the area 


with no plant cover. 


Slow cruising behavior comprised 62.5% of daytime 
locomotory behavior (Table 7). While cruising, northern 
pike stayed close to or in the edges of macrophyte beds, 
and close to shore near overhanging riparian vegetation 
(Vegebation andCover; Table 7). BExcursions|into jopen water 
had a frequency of 19.6% (Table 7), slightly less than one 
half that shown for cruising in cover. These findings are 
substantiated by observations made while Scuba diving in the 
TVittoral regions cf the open lakes Here >mortkhernepike tend— 
ed to confine their activities to regions of aquatic vegeta- 


tion by swimming parallel to the outer borders of these areas. 


Moderately fast swimming and burst swimming had 
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£Erequencies of occurrence of 2.5% and 1.1% respectively 
(Table 7). Unlike cruising behavior, these activities 
occurred most frequently in open water. These behaviors 
were associated with observable external stimuli, in most 
cases. Generally, these types of locomotion were employed 
during predatory, social, and escape behaviors. Natural 
escape responses by northern pike were observed on five 
separate occasions. Two resulted from the activities of a 
muskrat (Ondatra zibethicus) in the observation area, and 
Ehreée were a resulveorerhne activates) of a belted king- 
fisher (Megaceryle alcyon) over the stream. In all cases 
the northern pike involved employed burst speed swimming to 
move away from the area of disturbance to the cover of 


aquatic vegetation. 


Sculling and turning movements occurred as aormal com- 
ponents of general locomotory activity. Both tended to 


occur least frequently in vegetated areas (Table 7). 


On the basis of relative areas of each habitat type 
available in the observation area, a theoretical expected 
utilization value for habitats was obtained. Comparison of 
actual uti lization.or each habitat. during achivitve to the 
theoretical expected utilization yields a utilization index 
(UL) for each habitat type (Table 8). Values of the UI 
are greater than zero, with values less than one indicating 


avoidance, and values greater than one indicating a selective 
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Table 8. Observed and expected use of habitat by eight 
northern pike while active. Habitat utilization 
index values greater than 1.0 indicate preferred 
use, and values less than 1.0 indicate avoidance. 
Table values obtained by recording fish position 
ONCE every Liver minutes during activity, total 
observation time 695 hours. 

Habitat 
Habitat Observed Expected UeLiiization 
Types VDtiisgvations SVUti di zacionvs Tadex 
Open 607 893 0.68 
(32.6%) (47.9%) 
Cover 1075 S99 Zed 
(57.6%) (21.4%) 
Vegetation 182 S72 
(9.8%) (30.7%) 0.32 
Table 9. Habitat location and behavior of northern pike 


prior to predatory acts.  Vaiues indicate 
number of tindividual times "7 fish? ensaged= in 
specified activity in a particular habitat 
przvoxr’to*a predatory det> “Chr=square’ test 
for independence applied. Abbreviation used: 
Veg = Vegetation. 


Habitat’ Location 


Behavior Cover Veg Open Totals 


Active 20 2 rh 29 
(248) (2%) (8%) (31%) 
rn 
Tnactive 48 aL 6 65 
(51%) (12%) (6%) (69%) 
Totals 68 L3 is 94 
72% 14% 14% 


4N- Indicates significant difference at 1% level. 
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Preference.) Prom Table (8 it 25 evident that. activity in 
vegetated areas was avoided (UI = 0.32). This would be 
expected since dense vegetation appeared to act as an 
impediment to locomotion. The UI value of 2.69 for areas 
of cover indicates a preferential use of this habitat type 
during activity periods. Areas of open water were avoided, 
or used less than expected, (UI = 0.68) by northern pike 


Oueang activity. 


3. ACLAvity Patterns 


Diurnal cycle 


Northern pike held in the observation area exhibited 


a deily bimodal pattern of activity (Figure 15). The 
general pattern was similar over both summers (r = +0.85) 


from late May through August. Activity rose slowly through 
the morning hours and reached a peak around midday. 

This was followed by a decline in activity levels through 
the afternoon. A second slow rise occurred from midafter- 
noon to a peak between 1600 and 1700 hours. This second 
peak was generally higher than the midday peak. Following 
the evening peak, the activity levels declined slowly, with 


occasional fiuctuation evident. 


Seasonal cycles 


A seasonal shift in activity levels was also apparent 


(Figure 16). General activity was highest during the late 
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Figuzes5: 


Diurnal activity patterns of northern pike. 
Values as percent o£ hour spent active, and 
averaged for all fish observed. Correlation 
between hourly activity~levels in 1973 and 


L974) 1s +0.85.% 
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Figure 


16. Average percent of observation period 


spent active during each week of the 
study, and mean Study Stream :temper~ 
ature for week. Correiation mean 
temperature and average activity : 


1974 =r = 40.09 ; 1973 - r= =0.26 
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spring and early summer, but showed initial wide fluctua- 
tions in June. Activity levels fluctuated less widely and 
exhibited a general decline through July and August. Average 
weekly water temperatures plotted against activity (Figure 
16) show no significant correlation that would explain the 
Observedjtrends tThe, déchiningt activity didrtendi toc follow 


the decreasing day length after mid-June. 


4. Inactivity and Habitat Preference 


Northern pike were found to spend a major portion of 
the daylight hours inactive. This aspect of their behavior 
has a definite importance in relation to the predatory habits 
Of the species, and by inference, to the energy economics of 


the species. 


Inactive northern pike in open water above the substra- 
tum assumed a straight bodied posture, with the tail region 
held several centimeters lower than the head region. Paired 
fins were extended ventro-laterally and slightly anteriorly, 
and carried on weak sculling movements. In addition, the 
posterior borders of the dorsal and anal fins were delicately 
swept from side to side. When fish were inactive on the bot- 
tom,. the pelvic, anal, and caudal fins appeared to act as 
the main points of contact with the substratum. The anterior 
portion of the body thus remained slightly elevated. Inact- 
ive northern pike in dense aquatic vegetation carried on 


little sculling, the support of the surrounding plants 


101 


aoe. oe 


~gtonE® iM aneanh bowstie Fats | 


s inemen € 


bas vi obiw suet hessusousd etevel eae preys 
eget iva « DeRMA ‘be gh Hpwonst : soaxtoab 2 tex 20% aS | 
fees + ere ia TetLape. (BetIOLG « eee! 
ec cribs hq bicow: cd ‘pond ieee. sei ge ) 
wibiet od bret Bat yiivitos pethattneb ate eros 2 


cae oaths saave bam, voaneveisoabe ‘aab- 


a atevesee Miete’, Pte itr Pen, Z a rs 
Sa F ae onto Bi ee f shh : t. oe. waa = Te ; 


Sen opined sie tnt bas cenvbsont Be: 


{0 aobittedq, ob 8 bee oJ Seto sath 
TES ¥AaHae a de aceaes eee sven peat he 


“Aid er He ates aren vill 
ioe? 9 wionsbay ‘oa Pr) oad ‘ah 
6 ee ae = py eae frags ik 


eobmandse ‘Neddas, adi Ge. 


Ae ey ia me t. 
ae 7 


oe 
~ 


rae: rs) 7 Pe oe wo) 5 are aoe a 2) ee ae Paty oie Tn 
~epdauie’ ot avoda Bact F aaa ae? ot ig nveritnpa ov nena 
¥f, asp >< ios tt ve oa ie ee St wees wal te 


it fate Lis ats ‘dgaw soa ena ety dipkexsa & Saee 
y? sal ay : pf So 14 r ; 


> oy Cees 3 = 


beabes _o.beet beod out ‘asi owl exesomtsao> lasers 


& 
ot oe es 


yixoaweras visite te ens yiiaaesel-oxsday bebaatxe sxow att | 


ats 0 FEB ay - eaxemevon I seeistaitara iow 0 betas ome 


(iaseuiiad 5 e724 end’ fi Lene bed fanx0d ods to "wales bate 2 
“fod. aif ve ected or8w deat ‘sedi -obie ors shia pete a ’ 
per som te, ean ania Eien brit : seas. cadvieg ed pe ; 
oars ane ott ; auton ‘ea éiw soesa09 80 “santog peasy ‘ada | 
a on eS ms im ee = eed > eet Teer oe 


wen 


wigipcal 9 aalichaha yisdeate bond antes ut yoo exit “to notsxog 


* 


o re + ae ok, me Fed ess. 23) cake 


10 petea6s eed ot ims ana ck atig ezeddxon eve 
- Net's ee ~ rie 76 


een spel 


ous 


possibly aiding in the maintenance of upright posture. 


While immobile, northern pike appeared to remain recep- 
tive to predatory stimuli. In 69% of the observed predatory 
acts the northern pike involved had initially been inactive 
(Table 9)... 9 The: type of habitat: utilized»during inactivity 
periods relates to the predatory function of this behavior. 
In 63% of the total predatory acts observed northern pike 
had initially been inactive in cover areas or aquatic 


vegetation (Table 9). 


An examination was conducted to determine the habitat 
preferences),/ af any) shown: bysnorthern pike during periods. 
of inactivity. The. three, habiktatesavaibabie. could: be further 
subdivided by identifying three strata within each habitat 
type:..o Theses three strata. were, Loosely derined ag: suvtace, 
middepth, and bottom. The amount and type of heavitat 
available in the observation area was the same for both 


summers of the study. 


Data indicate the existence of a highly significant 
difference (p<0.001) between the amounts of time northern 
pike spent in each habitat zone while inactive (Table 10). 
However, these data indicate only the total amounts of time 
spent in each of the habitat strata. To obtain an estimate 
‘of the habitat preference it was first necessary to deter- 


mine the total availability of each stratum within the 
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observation area, and to use this to calculate a theoretical 
utilization. Secondly, the theoretical values were compared 
to the actual observed levels of utilization of each habitat 
Stretum. The iresult of this analysis isa habitat prefer- 
ence index (PI); which indicates the preference shown for 
each habitat category (Table 11). The PI indicates the 
selection ofthabitatsvas siftes for inactivity ,4 whi lei ihe 

UI value (Table 8) indicates the use of various habitats 
while active. Recalculating the 'F* value indicates that 
there is a significant difference between the preferences 
shown for the different habitat strata (p<0.001). Northern 
Pike displayed a distinct preference for surface cover areas 
Wille inactive, and ther Plgvalussiof 3264 ispsignaficantly 
higher than that shown for any other area (Table 11). 
Northern pike showed selective preferences for three other 
categories of habitat; these were bottom vegetation 

(PI = 2.34); surface vegetation! (PI = 1.59), and bottom 
cover (PI = 1.43). Midwater cover areas and bottom open 
areas were used slightly less than expected, with PI values 
of 0.92 and 0.91 respectively. Areas of midwater in 
vegetation were partially avoided (PI = 0.55). Midwater 
and surface areas in open water were clearly avoided by 
northern pike during periods of inactivity, with PI values 


for these areas being 0.20 and 0.14 respectively. 
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Table 10. Habitat use by 12 northern pike while inactive. 
* Values incminubes of useeduringt48.5lhours eof 
* inactivity«forseach fishs» Abbreviations used: 


We Veceeation, C= Cover, © = Open, S = Surface, 
Mi=Midwater, B = Bottom. 
Fish ‘Habitat Category 


HUSG-2M SVBY (CS) OCM) ICCB 50S* 0.OM OB 


i 


MP1 Loe 475 3657 385 941 3510 2906 2939 848 
RT 464. 3092. 2195 SlLI4 3429. 477 326 204 41 
LF Sloe 2600 429460 5992 3396 365 30 969 209 
JP1 3248 8775 9236 5269 S098 284 1 98 62 
JJP1 Bios 1908 5065 S221 4070 532 7& 96 407 
B aso! G362 2ZOS912765 1588 273 9 64 315 
¢; 3h6e. 53 Zane 2208 G58% O32 53 720 780 
D 589 40 soy 917 56 32 58 ON TL 7Z 
E 310 24 082 °7530 2746 2992 2852 2062 956 
¥ TOSS? 3s a2e 930 40 86 2 L773 560 
G 380 69 981 12865 725 390 47 48 415 
W 154 15 334 1645 44 469 08 239 5 


Mean bA6S5¢) 1639 270 864 208 324 74 106 431 


Analysis of Variance 


M.S. F* oe ae 
Between Habitats - 7L338862 3 2 eS? 05 P2572 
Between Fish - 56881.6 


* There #seva highly significant difference in the use 
of the various habitats by northern pike (total time). 


Duncan's Multiple Range Test - Means underlined by same line 
are’ notuisigriiticantly difierent @t the) 5% Wever 
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Mean 


Summary of the habitat preferences shown by 12 
northern pikercmaerugeperiods Of inactivity. 
Values from Table 10 were used to. calculate 
habitat preference indices listed in this table. 


Habitat Category 
VS VM VB co CM CB OS OM OB 
Lote Ogtoe Seo neo Use te, OOF Uso MU. OO 19/4 
POT oes OO, es Lee tO USOO oo" O09 
1 (a eee a ao oe OY O06" 0. S-0. 25 
ete ewes Ome eee Oe 1 o25n OOON UL LOT 0C13 
2970.65. 4256 fr 49e 7 912 SS Oli 3h 0S) 0266 
eZee Le Goo rol Os OF 1. 2080502" 0,01 70..67 
L070 2870 29r4 50571 5S 46 0220 0514. 1.65 
2-00 Oat Ooo 4. Ue OL! 5 Oras Us im, Os OO" 2.49 
1 O05"0508 0.00" S. 581 Oe 1k oon Oe 8.20" 2202 
ST 7 UF 045" 0. SO" Se NO? Osmo noo. uct OL03- Pots 
re 29 Os 2 Ose COT Ue Or aie, Ono Oe OIMOr, Oo 
OOP OL Cots ok eee Uso Ot UO an OO 


15M Ss ota Bie20192 1,43 0.14-0.20 0.91 — 


Analysis of Variance 


M.S. E* 5% 1% 
Between Habitats - 16.66 Woke 2. ee Te 
Between Fish - 2 ba 


Tiere is a sLond. cant Uitrerences im” cine’ pre erences 
shown by northern pike for the various habitats. 


Duncan's Multiple Range Test - Means underlined by the same 


Aine are not si gniticantly GLEferent’ at” une J” Lever. 


Os OM VM OB CM CB VS VB CS 
0-14, .0.2070255. 0201 0. 92 1.432) 5 9e eos 
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DISCUSSION 


In the observation channel, northern pike spent a major 
portion of the daylight hours inactive. Radio telemetry 
tracking studies have illustrated that similar tendencies 
are displayed by free ranging northern pike (Malinin, 1971). 
Wich (1958) and Fabricius and Gustafson (1958) also report 
observations of northern pike spending extended periods of 


time in aistate of inactivity. 


1. Locomotory Behavior 


The locomotory activities of northern pike are 
essentially similar to those shown by most cther teleosts 
Of similar body form. Hoogland et al. (1956) have described 
the basic patterns of fins movements involved in lccomotion 
of northern ipikei, ‘and im ‘allvcases their descriptions 


are confirmed by present findings. 


Sculling locomotion is produced by the activities of 
the: fins: ‘only, with no body flexion “involved. This form 
of locomotion is impoitant in allowing the predator to move 
and orient itself slowly and precisely with stealth. Such 
ability seems essential to certain orientation and stalking 


components of the predatory act. 


Locomotion employing body flexion is evident in all 
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faster types of forward swimming. Slow cruising is the form 
most frequently employed (Table 7). It is exercised by fish 
during generai activity periods, and its inception appears 
CO.reduine.no external selicitingastimuli.... However.,,.it 

seems that light may function as a Zeitgeber in this case, 
Since. a loose diurnal cycle of activity is evident (Figure 
15). In many situations the behavior functions primarily in 
movement tO a new location, where the fish again. reverts’ to 
an inactive.state.. During slow cruising, northern pike, at 
Eimes., sare-receptivery,to predatory -and.social .stimuli... Thus 
it might be proposed that in these cases the activity rep- 
resents appetitive behavior directed towards the procurment 
of food or social interactions. Schoener (1969) notes that 
in pure pursuers, such as northern pike, the search for 

food costs nothing above what would be normally expended on 
other .activities anyway... Hence, it .seems that cruising 
behavior .could,-ful£ill.a number of funetions, with: the 
specific type dependent upon the stimuli encountered. As 

a result,;,from-present data it isnot possible to suggest 
what specific, incipient drives are responsible for initia- 


tion of this behavior in different cases. 


Moderate speed locomotion is the second most frequently 
observed form of swimming employing body flexion. This 
faster type of locomotion has a significantly lower frequency 
of occurrence than slow cruising (Table 7). Moderate speed 


locomotion is elicited, in most cases, by apparent... external 
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stimuli. It is frequently employed during the approach to 
objects or points of stimuli, such as prey, other northern 
pike, or disturbances in the water. Occasionally, moderate 
speed locomotion is undertaken when apparent external 
stimuli are lacking. In most of these situations the behav- 
Jor occurs during the performance of display-like activities, 


which may represent displacement behaviors (Tinbergen, 1952). 


Burst speed swimming invariably arises as a result of 
external stinuli. This form o£ locomotion has the lowest 
frequency of occurrence of the three body flexion types 
(Table 7). It mainly occurs in predatory and fright reac- 
t1Lon, but also occasionally is manifest during social 
interactions. The deeply forked caudal fin and caudally 
Placed dorsal fin of northern pike suggest that the fish is 
adapted for rapid swimming. Gosline (1971) suggests the. 
functional importance of these anatomical features. He 
states: 

"In fast moving fishes, the greater wake presumably 

creates a more serious problem (of turbulence around 

the tail), and Alvee (1963) suggests that the broadly 
forked tails of such fish permit at least the outer 
parts of the caudal lobes to project into undis- 
turbed water above and below the wake area." 
During burst speed swimming the amplitude of tail beats 
decreases while their frequency increases, and this is 
accompanied by a similar decrease in the side to side move- 


ments cf the head. This basic action-reaction phenomenon 


could have importance, especially during pursuit of prey, 
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Since it would allow the predator to maintain an accurate 


aim on the fleeing fish. 


2. BCeLVeLy and Habitat, UCLLIZation 


During activity periods northern pike tend to remain 
in areas of cover {Table 8). This is accomplished by 
directing a Major portion of the cruising activity along 
bank areas with overhanging riparian vegetation, or along 
the outer borders of aquatic macrophyte beds. These findings 
are in agreement with those of Malinin (1971) and Machniak 
(1975), who both suggest that northern pike tend to remain 
close to areas of aquatic vegetation during the daylight 
hours. This habit appears to have a number of benefits. 
First, .cOver seems, CovbenimpOorcane fomeLie success of pred- 
atory acts of northern pike. ‘Second, remaining in) cover 
should afford a degree of protection from aerial predators. 
Third, abundant cover “decreases the frequency of visual con- 
tact between individuals, which may be important in maintain- 
ing low levels of aggressive interactions even at high 


population densities. 


Areas of open water are avoided by northern pike during 
activity periods (Tabieé 8s). “This is’ primauily a result. of 
& reaquction Of cruising aCtiVity an Chis habrcat to less 
than one-half the level in cover habitat (Table 7). Sculling 


and turning activities also occur less frequently in 
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open water, since the absence of physical barriers neces-. 
Ssitates fewer course changes. The levels of moderate and 
burst speed swimming are highest in areas of open water 
(Table 7). This results from the high number of predatory 
and social acts which are initiated from areas of cover or 


vegetation, and are directed toward open water. 


Northern pike do travel through areas of aquatic veg- 
©tacr1on, but; prolonged ypericdsmof activity do not occur in 
thismtypeact i habitatees Hence; clrocomotorytactivitiesvare 
least frequently observed in these areas (Table 8). The 
impediment to locomotion offered by dense stands of aquatic 
macrophytes is likely responsible for an avoidance of activ- 


LGyGin thesenareas’ 


SetuactivityePatterns 


A daily bimodal ‘pattern of activity was) characteristic 
of both study fish populations examined. The midday and 
evening peaks in activity (Figure 15) are similar to those 
reported for northern pike by Carlander and Cleary (1949) 
and Poddubnyi et al (1970). Poddubnyi et al (1970) agree 
that the evening activity peak is usually higher than that 
occurring at midday. This appears to correspond to the 
findings of Ivanova (1969), which indicate that when feeding 
conditions are not exceptionally good northern pike tend to 
shift their feeding activities toward the evening period. 


Malinin (1970) also reports activity peaks occurring at 
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midday and evening. His data also indicate the existence of 
an early morning peak prior to sunrise. Since present 
observations were by needs restricted to the daylight hours, 
the occurrence of such a predawn peak in activity would tee 
have been detected. However, two 24 hour netting studies 
conducted in 1974 did not indicate the occurrence of a 
predawn peak in activity in the lake population of northern 


Pike. 


Mean activity levels of northern pike tend to follow 
apseasonalepattern abso. cGenerally, activity is highest°in 
the spring following spawning, but fluctuates widely. In 
early summer levels become more stable, and then undergo a 
gradual decline through July and August (Figure 16). The 
high activity levels in May and June could be the result of 
an urge to return to the lake area following spawning. 
Miller (1948) and Makowecki (1973) both provide evidence 
indicating that northern pike may undertake- substantial 
migrations at this time. An increased feeding drive 
following the spawning fast has been documented by Frost 
(1954) and Lawler (1965), and this too could contribute to 
the higher levels of activity observed in the spring. The 
gradual decline in activity through the summer is not well 
correlated with water temperatures. Johnson (1966a) finds 
@ similar pattern of decline in maintenance requirements of 
northern pike over the same period, and this too is not well 


correlated with water temperature. It appears that the 
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qeceltine in activity through the latter portion of the’ summer 
corresponds to the décreasing day Length following the 
summer solstice. This same conclusion is reached by 

Johnson (1966a) to explain the decline in maintenance 
requirements over this period. A further indication of basic 
physiological changes that may be occurring at this time 

is found in the work of Swift (1955). He determined that 
Enyloid activity in Drown crouc (Salmo trutta 2...) "2s ata 
maximum in mid to late June, and declines thereafter. 

He notes that this corresponds to the period of peak 
physical activity for the species. Swift (1955) postulates 
that the thyroid hormone exerts a tonic effect on the whole 
nervous system,. rendering the animal more responsive to 


external environmentai stimuli. 


4. Inactivity and Habitat Preference 


It is likely that extended periods of inactivity are an 
integral component of the predatory strategy of northern 
pike, which is basically one of "ambush predation" 
(Fortunova, 1959). Data pertaining to predatory activities 
indicate that a major portion of the predatory acts are 
undertaken by fish which were previously inactive (Tabie 9). 
Schoener's (1969) theory of optimal predatory strategies 
suggests that a predator, to achieve efficiency, must 
decrease energy expended in search or pursuit of prey. It 


seems that the low activity levels of northern pike can 


week 


aeanote, tif "a a ip £2) 
ont onmietica: stant a8 

‘eg bocoers i aAwawhe rf 
arrsarracte au akin 

oko (te wsigesibet | eles : 

eats, SEG “patie a 2 soiaeeshanlasl 
mets scivrdontna baitt ~ CBBERD. Tew 20 ona 
eta ane stand Prey ‘Subu woradt * ik gate x 
soso eaakited bas ‘edad ‘ciation — 
‘ea ia ino ite Feanenanagsierentncenle 

aoltehebkieey” "eee ae Saal lees 
Sait, aS 0" sete: aoe a“ a af 


x ogee a's) pone Yawsatiein ony te aaonoginas 1 
| a9 Reseingly ier 0 omg vlteoined af sot 


ais qe cl orabersg ras paknistzeq SIS", axel 


ate vi 


* gta 23s Wodebis = auis te" oo sAMog “yo tat 6 sets ace 
ft yp taany evi siaihah viac iver sxow Aotdw Stake +e Piles ea 
ow bea E eee fem seo ho vroed?” qpaer) 2’ "ior 

ai (N= mids ods svetins o3 «tot shang 5 sit eaeoppue 


oe 


vale 8% eke: si ‘visas nt tobe oan Sheenash 
erie aoe * athval yet 5 Yo wot ade sear asus’ 


> «4 ; ee =e its o? wht Pi > en? ice bie AE: ae 
a we > i te 
¢* = ; | an 
» - a - 


— Ty es) / ae 


allow this predator to comply with both of these criteria, at 
least» partially. Firstly, energy expended in Seo iae. 
for prey is obviously minimized by adopting a strategy 
which ad lows, the; prey- to,come,to, the; predator.» » Secondly, 
energy expended in pursuit is perhaps reduced by allowing 
the prey to approach with in a short distance, thus permit- 
ting; aoshort.range strike. by. the, predator.. The: energy 
conserved in these manners should allow northern pike to at- 
tain a fairly high predatory efficiency. This thesis is 
confirmed by the work of Johnson (1966a), which indicates 
that the maintenance requirements of this species are 
exceptionally, low, while the rate of conversion of food to 
body weight is high. Nursall (1973) states: 

"The solitary pike probably requires abundant prey 

tO thrive, £Or without LE- the ranging Of pike to 

seek food must increase greatly with extra energy 

expenditure. Under such circumstances one might 

expect,selection \fonsincereased bunting, ef ficiency 

and for capture of larger prey. " 
Findings of the present study largely agree with these 
Suggestions. In addition, data will be discussed later 
Which indicate that, within limits, nortnern pike may react 
to prey shortages by restricting rather than increasing 
activity. It seems that the avoidance of excessive hunting 


activity may be one of the chief ways in which predatory 


efficiency is increased. 


The importance of concealment as a requirement in the 
predatory act of northern pike is also apparent from data 


collected (Table 9). The majority of predatory acts 
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observed (86%) were initiated, by moving or stationary fish, 
from areas of cover or vegetation. This would appear to 
comply with the requirement of allowing the prey to approach 
within a short distance of the predator. Nursall (1973) 
notes that prey.are generally aware_of northern pike in 

the open, and that this causes forage fish to modify their 
behavior accordingly. Present observations indicate that 
most prey fish show no modification of behavior when near 

a northern pike which is. concealed, in ,vegetation, or,covenr, 
which can be taken to imply that prey have not detected the 
predator. These findings strongly disagree with the sug- 
gestion, of Mauck and. Coble (1971), that. availability. of 
cover does not effect the Het be tay Of prev boOLnorchern 


pike predation. 


In keeping with the thesis which suggests cnat certain 
benefits accrue to northern pike from the use of specific 
habitats, it was assumed that habitat preferences should be 
shown during periods of inactivity. Individual fish do 
exhibit propensities to spend inactivity periods within 
certain types of habitat (Table 10). As predicted, northern 
pike do spend disproportionate amounts of time, during 


inactivity periods, in certain habitat stratum (Table 11). 


The highest preference is shown for the surface stratum 
in areas of cover. This is the region from which most pred- 


atory acts are originated. The second highest preference is 
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for “bottom stratum in areas of vegetation. It was noted that 
this habitat played an important role in allowing individ- 
Mals tO avoid intraspecific interactions, apparently by 
providing concealment. Northern pike near the substratum 
are seldom investigated by conspecifics, similar ‘to the 
Situation in juvenile atlantic salmon (Salmo salar L.) 
(Keenleyside and Yamamoto, 1962). Vegetated surface stratum 
2s also preferred; the importance of this area in regard 

to predatory activities is stressed by Ivanova (1969). The 
Gniiy olher *prererred stratum Fre “that’ of bottom *areas* in 
cover, the importance or wiitcn' ts “probably Simprlrar *to*that 
or vegetated “bottom “areas-e™ Northern pike also used vegeta- 
tead and cover bottom and to a lesser extent open bottom 
areas for *inactivrecy during “heavy “rai showers. The areas 
most frequently avoided are those in the open at the 


surface and middepth. 


Eoneaie arising from such a pattern Of habitat pref- 
erences would appear to be largely similar to those suggested 
for the observed habitat usage during activity periods. 
Concealment is important for successful predation (Ivanova, 
1969; Kipling and Frost, 1970), and protection from aerial 
predators. Vegetation offers some structural discontinuity 
in the environment, which visually confines conspecifics, 
and thus may allow aggression to remain low. This last 


suggestion parallels the findings of Sale (1972). 
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B. Predatory Behavior 
RESULTS 


The most detailed description of predatory behavior in 
mortnern pike is-that of Hoogland et—al. (1956). Their 
description is based on observations of feeding by small 
northern pike (20-25 cm fork length) under laboratory con- 
ditions. The descriptions and data presented here are based 
On observations of larger northern pike (33-63 cm fork 
length) in a confined natural situation. Table 12 sum- 
marizes the standard measurements made on the fish retained 


for observations in 1973 and 1974. 


Ha Descaiption ofjphe Predatory Act 


1. (1956) describe a predatory act for 


Hoogland et 
northern pike which consists cf seven main components: 
"1. Eye movements towards the prey, 2. Turning towards the 
prey, 3. ‘Stalking, 4. Leaping, 5S.) Snapping, ©. Turning 
the prey head-forward, 7. Swallowing." Nursall (1973) 
combines the first three steps under the term “axial 


tracking”. 


During the present study, stalking predation, of the 
nature described, was observed to occur when prey were 
moving slowly (if injured or unaware of the predator's 
presence), and also when dead or artificiaily confined prey 


were presented to northern pike. If prey fled from the 
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Table 12. Northern pike retained in Study Stream for 
behavior observations 1973 and 1974, sum- 
mary of standard measurements taken. 


Fork 
Fish Sex Length Weight Remarks 
ee ee ee NaS ok net 
1973 
MP1 female 46.5 570 escaped 
JPl male 42.2 350 collected 
RT female 46.5 530 collected 
LF male 415 550 escaped 
UL male 45.0 470 collected 
JJP1l female Pe ES) 900 collected 
1974 
A female 51.4 330 died 
B male 41.5 460 escaped 
C female 55.0 1020 escaped 
D.. male 52.40 980 coliected 
E male 50:0 880 escaped 
F male 42.0 450 collected 
G male 47.5 640 collected 
H female S73 1360 died 
. female 63.2 1820 collected 
U female 52,0 1110 collected 
W female 3360 260 collected 
x female S345 1060 escaped 
e4 female Died 1060 escaped 
Z female 50i4.0 880 collected 
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predator the result was a modification of steps 3, 4, and 5 
of Hoogland et al. (1956), to produce what could be termed 
pursuit predation. Both stalking and pursuit predation 

began with initial detection and orientation to the prey. 
Following these first steps the predator may resort-to either 
type of predation (Figure 17). It should be noted that the 
predatory act can be terminated at any point during@its 


execution. 


Visual detection of prey fish by northern pike was 
observed to occur” dat distances Gf up to four meters in open 
water, if the prey was moyvings., Due to-the)| distancevof the 
observer from the northern pike, during Study Stream observ- 
ations, it was difficult to detect eye movements of the pred- 
ator during the initial step of visual, fixatuon of .prey. 

This behavior was frequently observed when northern pike 
were approached during Scuba diving excursions. Stationary 
northern pike, oriented broadside to the diver, followed the 
passage of the observer by use of eye movements in the 


horizontal plane. 


Orientation towards the prey occurred in two manners. 
Stationary northern pike orienting to slow-moving prey did 
sO with the body held rigid, as ‘described by Nursald (1973). 
This type of turning was accomplished using slight sculling 
movements of the posterior borders of the dorsal, anal and 


caudal fins, accompanied by sweeping movements of the pectoral 
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fins. Eye movements occurring during the performance of such 
turns were observed from directly above in northern pike 
confined to holding tanks. As stationary northern pike 
executed a turn the eyes were moved synchronously at 

regular intervals.._£_ The eyes appeared to fix on one point 
and move horizontally in their sockets, to keep this point 
fixed, as the fish turned; when the eyes had reached the 
extant Olnetneir Eravel they (flicked back’ to their starting 
Positions toO.,repeat the process. The eye on the outside of 
the turn was flicked ahead, and the eye on the inside of the 
turn was flicked backward. The second type of orientation 
byemecthern, pike occurred 12 the prey was moving rapidly, or 
when the predator itself was swimming fast. This type of 
turn was very swift, and had the characteristics of the 


abrupt type of turn. 


Hoogland et al. (1956) suggest that northern pike 


slowly stalk their prey from the point of initial detection. 
eyewear the present study this type of approach was observed 
to occur if northern pike were approaching prey fish 

through: an area of aquatic vegetation or cover... However, 
open water situations with slow moving or stationary prey 
fish frequently elicited an initial rush of moderate speed 
by the predator. The propulsive force in this type of 
approach was produced by broad, rapid sweeps of the caudal 


peduncle. The approach phase was the point at which staiking 
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and pursuit predation began to diverge, with the resultant 
predatory strategy contingent upon the behavioral reactions 


of the prey fish (Figure 17). 


Stalking predation 


When prey Dish semained relatively stationary, or if 
their swimming movements were slow and erratic (as with 
injured fish) the approaching northern pike began braking 
Ehevinitial rush at a distance. of approximately 0.5 m from 
Bpesprey. Tne predator ddavanced slowly from this point, 
using fine sculling motions of the pectoral and median fins. 
At 10 to 15 cm distance from the prey (0.25 to 0.33 the 
predator's body length) the northern pike stopped its forward 
progress, and stabilized itself with sculling movements of 
the pectoral and dorsal fins. In) this position. the jprey 
was watched for a varlabie” period of time... However, Tf ihe 
prey should attempt to flee an immediate predatory lunge 


usually resulted. 


In cases where no escape behavior was shown by the prey, 
northern pike deliberately prepared for the final predatory 
LMunge by curving the body into the characteristic “sS= 
posture, described by Hoogland et al. (1956) as being "the 
same as the initial part of carangiform movement." The body 
was thus compressed and curved, with the tail at an angle to 
the midline (Figure 18). This posture was never held for 


more than one or two seconds, but Hcoogland et al. (1956) 
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State: "If the pike's movements are hampered by water weeds 
however, he may stand in the 'S‘-posture for some seconds." 
At this point the northern pike was prepared for the final 
hunge, with the prey lying directly ahead, usually on the 
same plane as the predator. The predatory lunge which ensued 
was produced by the violent backward thrust of the caudal 
peduncle, almost parallel to the midline of the long axis 


Of the: body’. 


The jaws of the northern pike remained closed until the 
last moment before the prey was struck. The jaws were then 
opened wide, and the floor of the buccal cavity was reflexed 
downwards, as described by Holler (1935). A flow of water 
was thus sucked into the mouth of the predator. This can 
be concluded, since aquatic vegetation and debris were often 
pulled into the mouth of the northern pike during the strike. 
If the prey entered the mouth of the predator the jaws were 
clamped shut, and held firmly closed even if the prey was 


Only, partially in. the mouth. 


During normal predatory attempts this sequence of events 
(from lurige to snap) o@curred too rapidly, to: bérclearty. 
observed with the naked eye. However, during repeated pred- 
atory attempts, directed at prey in glass vessels,a fatiguing 
Orethe response occurred. This caused each successive lunge- 
snap sequence to diminish in speed and strength in relation 


to its antecedent. This facilitated observation of the 
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sequence. The final capture of prey was much slower when 
dead prey fish were taken by northern pike, which permitted 


Ehis segment Of the sequence to be accurately observed. 


The force of the lunge carried the head of the 
northern pike only about one-half.a body length past the 
point at which the prey had been located. It appeared that 
the pectoral and pelvic fins were maximally extended later- 
ary and were rotated to the vertical plane, providing the 


largest surface area to act as a brake to forward .progress. 


Pursuit..predation 


Pursuit predation was employed by northern pike if prey 
fisn Exsnivbited escape behavior; wale the initial predatory 
rush was in progress. With flight of the prey, the predator 
accelerated from moderate speed to near burst speed. There 
was a definite decrease in the amplitude and an increase in 
frequency of the sweeps of the caudal peduncle of the 
northern pike. This produced higher speed, and reduced the 
distance of lTateral displacement of the head region in res- 
ponse to the tail thrusts. Burst speed swimming persisted 
as long as the prey fish attempted to swim directly away frorn 
the advancing predator. At a distance of from 15 to 20 cm 
behind the prey, the pursuing northern pike began rapidly 
Snapping its jaws open and closed. In this case the tips of 
the jaws were only separated approximately two to four centi- 
meters, where as in stalking predation the jaws were opened 


maximally. 
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Ouantitative analysis - ‘stalking and pursuit. 


During the course of this study 94 predatory attempts 
by northern pike were observed which could be classified as 
being of either stalking or pursuit variety. An additional 
25 classifiable predatory attempts by juvenile northern pike 
were also recorded (Table 13). The data contained are based 
on attempted predation on all species of prey fish present 


in the observation area. 


Reactions of prey fish determined the type of predation 
atcempted. Northern pike.resorted to pursuit predation. in 
48 (51%) of the observed attempts, and to stalking predation 
in 46 (49%) of the attempts. Since stalking predation fre- 
quently occurred near emergent aquatic vegetation, the out- 
come of these particular attempts was often obscured. [In 
27 cases it was impossible to determine the outcome of the 
Stalking predatory attempts. Pursuit predation invariably 
occurred in open water, hence the” ocutcome was" discernible’ in 
all cases. The frequency of pursuit predation may be over 


estimated, since it was the more visible of the two forms. 


Data suggest that stalking predation is more successful 
than pursuit predation (Table 13), the success rates being 
22% and 10% respectively. These values were calculated 
assuming no success of capture in all 27 of the stalking 


predation attempts with obscured outcomes. Statistically, 
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Table 13. Success of predatory attempts observed in Study 
Stream :during 197'3<and L9747°o- Data “inelude only 
natural encounters between northern pike and 
introduced prey fish. Chi square for independ- 
ence Used tostest significance of differences. 


Adult Juveniie 
northern pike northern pike 
Pursuit Stalking Pursuit Stalking 
Predation Predation Predation ‘Predation 
Missed 43 (90%) 9 (78%) SUP5%) 16 (76%) 
Prey *427 
Caught 5 (109%) 10 (22%) 1 (25%) 5 (24%) 
Prey 
Totals 48 46 4 2 


DD 


Comparing pusuit and stalking in a 2 X 2 contingency 
AQGACTS 1.7p20205 
Juveniles poo.05 


* Stalking predatory -attempts of obscured outcome 
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these data do not indicate a significant difference between 
the success rates of the two types of predation (p<0.15), 
but if only two of the obscured attempts had been success- 
ful. the difference, would.be significant. (p<0.05). .The 
probability of at least a few of the obscured attempts being 
successful is high on the basis of the success rate observed 


in the unobscured stalking attempts. 


Observations of predation by juvenile northern pike 
indicate. a.greater, reliance on.stalking predation than that 
shown by adults (Table 13). The existence of incongruities 
between adult and juvenile predatory behaviors preclude the 
grouping of these data. Juvenile predatory behavior will 


be_examined.separately. 


Swallowing 


If a predatory attempt was successful, northern pike 


held the prey firmly in their jaws until struggling movements 


had diminished. Small prey fish were occasionally swallowed 
sideways by adult northern pike (also reported by Nursall 
(1973)). In cases where prey length was greater than the 
width of the predator's jaws, prey turning movements were 


usually employed by the northern pike. 


Turning movements, used by northern pike to manipulate 
prey, appeared to be fairly stereotyped, and had a similar 


form in juveniles over two months of age and adults alike. 
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When the struggling movements of the prey had ceased, the 
predator remained inactive for a period of one to ten sec- 
onds before attempting to turn the prey. Prey was not 
mouthed by the northern pike, but appeared to be held firmly 
at all times... “The. prédator initially--flexed its head and 
anterior trunk to the s#@de, at an ahgle to the long axisi of 
the body. Flexion proceeded to the side which had the bulk 
of the prey outside of the mouth (Figure 19). The head was 
violently jerked back to the midline after remaining flexed 
to the side for only one or two seconds. The anterior por- 
tion of the predator's body did not travel across to the 
Opposite side of-the midline, but stopped abruptly as it 
reached the long axis o£ the body. This act could. be 
repeated several times, depending upon the size and live- 
liness of the prey. The predator usually remained station- 
ary while turning and swallowing prey; in some cuses, 
especially with relatively small prey, northern pike were 
observed to rush forward as the prey was swallowed. Once 
the prey had been properly positioned in the mouth it was 


swallowed in one smooth motion. 


Following the ingestion of prey, a variabie number of 
mouth gapes occurred, accompanied by forward swimming. Vegeta- 
tion and debris were flushed from behind the opercula with 
these maneuvers. During the gapes, the mouth was opened 
wide, while the opercula were kept. closed; the mouth was 


then closed, and the opercula were flared open. This pattern 
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Figure 18.—'S"= posture’ of northern pike: prior’ to 
predatory lunge in stalking predation. 


Figure 19. Body flexion of northern pike during 
prey-turning movements. 
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suggests a type of buccal pumping function similar to 
respiratory movements. Similar gaping movements occurred 
during regurgitation of partially digested fish. However, 
an this latter casé the body of the predator was tilted 
forward, with the head pointing down on an angle to the 
horizontal. These gapes were accompanied by violent side to 
side shaking movements of the head, causing debris to be 
flushed out of the oral cavity as well as through the flared 


opercular region: 


Data collected from stomach samples of northern pike 
provide indirect evidence of discriminate swallowing of 
certain prey species (Table 14). Walleye were swallowed 
head first in all-cases, as were lake whitefish and burbot. 
White sucker and cisco were more frequentiy swallowed head 
firstethan tailhfiret) (p<0.001)SeqgNorthernjpike were fswal- 
lowedemorektirequently head firspyebubsnot s¥oqnificantihy so. 
This is perhaps a result of the small sample of this species 
examined: Si@heethree smallest forage BishFuspottail shiners, 
trout=perch, «and ninespine stickleback, were all swallowed 
with equal frequency in either orientation. These data 
suggest that northern pike selectively Curngthe larger prey 
fish before swallowing, while smaller prey fish are ingested 


indiscriminately. 


aS | Ply eee 


se 


og xahbsite mots | Dan’ 2 


suum 

bos list 262,609" 

ants ep eseee, ee a mee eaisntos a 
oz ake. die den tee ya. rs so sxow-anaay! oad. = 


ent a "eerie orbacan, abeaoes x0. “eareainromt B ee 


te ae 3 iy 


ershth meth synod a8 hi as ss hve sitet 20, 


- 


ae 
¥ , +. 4 re thas oh vy 
be ae = : y 7 y 


ee 


sal tq naedrsed. ie dotayuan d2sno38 oor? ‘osaeston, ated L 
20 Babwolgens- sscimproeth to wonebive svanibat ® 
news Sate etow aan ‘ath: edt!) aotoege yord ais 

todas po daskag tetw a ~aaaw bu 28882 oie ak | 
beeid Hows LAswe. gi phers Rregett axew ovets bre 
iowa oon adte axadaon , ($600,054) seul: shee 
ou yfsonot loess. so deed, oR hsed ritaovpox? exon 
setooys sift Io ekqatee SGM, 28 tw aivess 6 esadzoa atin 
ponents Cinniose ita evans? Peete £ soos oaxds oft —— 
bow LL awe Lis sxow \ Womeeatsiee aniqeentan bas ,19% - 
stsbh goudT Ag i Ing AKO 4ogt5o at yomeupszt Leapet . i es 
vot segmel wed ated gioviselee stig axeriston tadt secon > 
heosespnt ors dak qoug yokfawe ofirnw eer sro2zed oe 


i ae 


Table 14. Direction of swallowing of prey, 
stomach samples of northern pike 
Values sandicace "the frequency of 
each prey,species, headef bast rand 


determined from 
197 3candea1974: 
swallowing of 
rakhaufirste: 


Total number of each prey Species indicated. 
Effect, of ~species +ef ipneyion dbrecbion rok aswal— 
Lowing tested by Chi square for independence. 
= approximately equal 


= greater than 
Adee, GEeaten.bhan 
>>> greater than 


Prey Species 


1TLouc-perch 

Cisco 

Ninespine stickleback 
White sucker 

Lake whitefish 
Spottail shiner 
Northern pike 
Walleye 


Burbot 


(p>0.05) 
(p< 04053 
(p<O.01) 
(p<0.001) 


Direction of 


swallowing 

Head ad. 
LUES CeO Laser st 
43% = 1% 
84% >>> 16% 
66% = 33% 
94% OP? 6% 
100%7 > 0% 
50% = 50% 
80% = 20% 
100% >>> 0% 
100% > 0% 


Total 


number 


Zt 


19 


tA) 


19 


4 


16 


4 


20 
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Color changes 


On 11 separate occasions, during Study Stream observ- 
ations, adult northern pike were observed to undergo ‘rapid 
and distinct alterations of skin coloration and patterning. 
These color changes arose in association with the location 
and observation of prey fish. The observed changes developed 
during seven interactions with juvenile northern pike, two 
interactions with confined prey fish (trout-perch and lake 
chub), and two model presentations. Predatory strikes 
occurred Only in the four artificial predatory situations. 
During the seven intraspecific interactions there was only 
Observation Of the potential; prey) by adults. The color 
change phenomenon was irregular in occurrence, hence its 

redictability was low. It was observed tc develop in four 


different individuals over the study period. 


The color change developed as an apparent lightening 
trend in the predominantly black dorsal region, from head to 
caudal peduncle. This produced a light yellow-green stripe 
running che™“Llength of the dorsal mrdline.- bigneencd  vert— 
ical “bars, intersecting the dorsal stripe, devetoped on the 
sides of the fish. There appeared to be an overall light- 
ening in the hue of the skin, with an emphasis on the vert- 
ical zebra-stripe pattern. Areas of dark pigmentation 
became less obvious, giving the body an almost golden color- 
ation. The color pattern was suggestive of that found in 


young northern pike. 
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Color change required between 30 and, 90 seconds to 
develop fully, with decay occurring following termination 
of the interaction. The maximum duration of the full change 
observed was approximately 12 minutes. The decay process 
seemed to require between 10 to 15 minutes to occur. When 
the return to normal coloration was complete the emphasis 


Of thé vertical stripe: pattern, was..lost. 


On one occasion a normally colored northern pike moved 
close and stopped near a conspecific in altered color phase. 
This allowed accurate comparison of the two patterns, and 
andi@atediihat a change hadyinfact.occurred,,and that..the 
observation. was not an artifact. of peculiar lighting condi= 


tions. 


Post —predation behavior 


Data collected during this study suggest a relationship 
between the outcome of a predatory act and the ensuing 
behavior of northern pike (Table 15). The table includes 
data from experimental feeding tests and excludes predatory 


acts with cbscured outcomes. 


Three different levels of locomotory activity were 
employed by northern pike after involvement in situations 
having predatory potential. Following successful predatory 
acts,northern pike most frequently exhibited periods of high 


intensity locomotor activity approaching burst speed 
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maple 15. Behavior of northern pike following encounters 
with) potential, prey: fishin! Study Stream. 
Data include natural predatory acts and feeding 
tests, .butvexciuderactsowithi obscuredt outcome. 
Values indicate number of separate occasions on 
which specific behavior was observed to develop. 
Significance of differences tested with Chi 
square for independence. 
>> indicates, significantly greater than (p<0.01). 
= indicates approximately equal to (p>Ot.05) . 

> andicates Significantly greater than (p<0.05)’. 


Outcome Inactive High Moderate Branchio= 
Of intensity Ineens icy stegal 
Encounter locomotory locomotory display 
_______activity activit OO eds 
Successful O K<<14.(743%) >> 5 (26%) O 
A 

Unsuccessful 10 (20%) = 6(12%h)<< 35 (68%) BL22%) 
No predatory 45(86%) >> 0 < 7 (14%) dat.) 

attempt 


Ranking of behaviors 
Successful = High intensity>> Moderate>> Inactive 
Unsuccessful - Moderate intensity>- Inactive = HAigh 


No predatory - Inactive>> Moderate intensity = High 
attempt 


Ranking of display tendencies 


Branchiostegal - Unsuccessful>>No attempt=Successful 
display 
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(74% occurrence). The predators swam rapidly around the area 
of capture. The paths followed during such activities were 
usually circular in shape, following the open water margins of 
aquatic vegetation beds surrounding the pools. The swim- 
ming speed declined gradually to normal cruising speed over 
a period OL*2,5° tO 5.0 minutes. -Fol lowing -therother 26% Of 
the sucecessitul prédatory acts, the predatorsresorted”to 
moderate intensity locomotor activity. If predatory attempts 
were unsuccessful (attempts including a-lunge or pursuit), 
the subsequent locomotor activity of northern pike was most 
frequently of moderate intensity (68% occurrence). In this 
case the swimming speed was much lower than that exhibited 
during: the initial stages of intense locomotor activity. 

The return to cruising speed, required less than 2.5 minutes, 
and the predator had often become inactive by that time. 


The remaining unsuccessul predatory attempts resulted in 
inactivity in 20% of the cases, and intense locomotor activ- 
ity in only 12%. In situations where prey were observed 

bel met. Feacted to, Ors s2t prey fled betore a rush: was 
initiated, the northern pike usually remained inactive (86% 
occurrence). Moderate intensity locomotor activity was 
displayed in the remaining 14% of these cases. : The levels 


of the three activities employed were highly significantly 


different between the three predatory outcomes (p<0.01). 


Branchiostecal displays were given by northern pike 


following 22% of the unsuccessful predatory attempts in the 
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observation channel. This only occurred once following an 
unutilized predatory opportunity. Displays were not 

observed to follow successful predation, except in the form 

of mouth cleaning gapes, which appeared to have a definite 
function. However, the intense locomotor activity following 
successful, predation, occasionally brought»the, predator into 
contact with conspecifics. In no case did the predator show 
an aggressive response, in fact the other individual. was often 


stimulated to activity by the encounter. 
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2. Required Stimuli 


Visual 


The TOle of visual Stimuli pin releasing and directing 
northern pike predation was examined. Live prey fish were 
confined in glass vessels, which were then suspended in the 
Observation chennel..A total of 15 presentations, each of 
five minutes duration, were made. Northern pike were obs- 
6rved to detect the confined prey from distances as great 
as four meters. Predatory strikes were evoked in eight (53% 
of the presentations. In a further three cases (20%) intrest 
was displayed by the predators in the form of approach and 
appraisal, but no strikes ensued: .In the remaining four 
cases (27%) no response was observed. All of the predatory 
responses elicited during these tests were of the stalking- 
lunge variety. The northern pike approached the prey to 
Wwathin LO?toyi5 ’ecm, sstoppeds fiexed;Pandtstruck..-The high- 
est number of strikes performed by one individual during a 
single presentation was 21. In this case the predatory 
response graduelly declined in strength. The strikes them-— 
selves became weaker as body flexion became less and iess 
pronounced; associate’ with this was an increase in the lag 
time between successive strikes. Lag time increased from 
approximately 0.5 seconds to approximately 5.0 seconds over 
the duration -of the’ predatory sequence.© All*ofithenstrikes 
elicited during these tests appeared to be as accurate as 


those observed in the natural situation. 
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Mechanical 


General observations suggest the importance of mech- 
anical stimuli in some situations as the initial indicators 
Of prey presence. However; under natural conditions it is 
often difficult to separate the reactions to mechanical 
Sra oe ee On ENOSse COvvyasual or Olfactory stimuli. (Mech- 
anical disturbances were produced by dropping small amounts 
of water (approximately 10 cc) from the observation tower 
Onto the surface of the: observation channel. Production of 
this type of stimulus within 15 cm of a northern pike would 
often result in immediate movement towards the area of dis- 
turbance. Stimuli originating behind the predator caused 
turning and movement towards the general area of disturbance. 
After initial movements the predavcor usually remained sta- 
tionary for a short period, stilt facing anvtherdi rection 
of the disturbance. No predatory lunges ever occurred in 


response to the mechanical stimulus by itself. 


Olfactory 


To.test.jthe,effects of olfactory stimulinalones northern 
pike were presented with quantities of prey-conditioned 
water. Ten liter quantities cf water were conditioned 
by use as a holding medium for 200 to 250 prey fish for a 
period.of.15 to.20 minutes. The conditioned solutions were 
then introduced into the observation channel, by remote 


means, at a point two meters below the observation tower. 
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Eight such introductions of conditioned water were made, and 
in three cases northern pike moved directly through the area 
within-a period of five minutes after introduction. In no 
Cease was an observable response elicited from the fish, re 
this number of tests is insufficient to clearly determine the 


importance of olfaction in detection of prey. 


General observations were also made which pertain to 
the subject of olfactory stimuli. In numerous cases 
northern pike were observed within approximately five centi- 
meters of dead forage fish, which were lying on the bottom 
or floating on the water surface. In many cases these were 
prey fish which had died within severai minutes of being 
piaced in the.observation channel, and although inert must 
still have been providing some chemical substances which 
could have acted as olfactory cues. Northern pike never 
showed interest in these dead prey fish if they were sta- 
tionary. However, the predators could be induced to strike 
and swallow dead prey fish if they were dropped onto the 
surface of the water and allowed to sink. When a sinking, 
dead prey fish fell within the field of vision of a northern 
pike an immediate approach usually followed. Then a period 
of appraisal occurred, with the stationary predator watching 
the prey sink. If the prey was struck, only minimal flexion 
was employed, resulting in a much less vigorous predatory 
act than those involving live prey. On several occasions the 


dead prey were aliowed to reach the bottom before a predatory 


pf ae “Wag | San an eet) lm) fae 
fab i CA me a A a ' am , ; 
‘ | : “i Cae , fi 


“4 , 
ey ay 


bee sebar LGW xedeu | nangin2009 
ogre Ag foment eisoamap § bevou 


Bot oy hee 


ot. «tI _ aos coubens gt ROeae assunta | 
Ph, SORE, eh nei “bodtotte eenoneas: Let 
se cy atared 9b usuaate ‘oF amasotaawent beta, 3 al 
aa 7m ror fo. sottgese® at odd ia 
dal oe eed ‘ion 9 iil es codeine eae ios 
oJ nba ehh bey cage stow anton devagnd ts 
"9269 euoNomi # ax “suas: ‘oogonia 20 
Hah OY on x co etxoRa ‘chet per beveeedo pee, a 


mogtod ort 150 eakyh anew, se Sore cue ao . 
tgs: is £ fewe 


ato enweety 29260 scsi aT <ppataue, furan ote? 


te Mee ae 
peek mt Poth pgucdes cexevss eniten | 
De tog. + jane 


SET ayer spas 


Peres ae rc. E ttf aie 
toate rooms ie i 
1 Aeet" Es ae a 

aver iS een 
aoe: oxo earl ne eu 
exias®, | od vesutind od biee> & ; oe a - 
edd ova0 boggone sx0y “ert ake eid, bint bm aa: Ae 
stabtate as ns -icke) ag begalte ies a9 tow edt xo ° | 
ae arnt sia panies 3 


@ 


eed aten a ey rokee” ‘i 


i 


natreg ti nad? rsa =” aoe | 
pasa seme eeere Seared wrew sboraunie “stop 8 


439 


attempt took place. 


Importance of prey movements 


Observations of northern pike-forage fish interactions, 
in the observation channel, suggested that locomotory behav- 
ior of prey played an important role in releasing the 
predatory act (Table 16). The results include only those 
interactions with prey fish of acceptable size for’ predation, 
as determined from stomach samples. Moving prey fish 
elicited a significantly higher number of predatory responses 


than did stationary prey (p<0.001). 


Fish mo@els-were employed inia. series of tests to exam- 
ine the importance of prey fish behavior further in relation 
to,-the: predatory act of northern pike. The commercial fish 
model (Rapala) was presented to northern pike, in the obser- 
vation area, a total of 190 times during the study (Tabie 17). 
The model was always moved through the field of vision of 
the predator. In the majority of cases (165) the model was 
pulled slowly and smoothly through the water, at a rate of 
approximately 0.2 m/sec, to simulate natural, slow swimming 
movements. In 91% of the slow swimming trials no response 
was exhibited by the predator, while in 7% of these trials 
an incomplete predatory response, in the form of orientation 
or short following, was elicited. A complete predatory 
response, up to lunge and snap stage, occurred in only 2% of 


the slow swimming trials. In 20 of the model presentations 
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Table 16. 


Reaction 
of 
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Frequency of predation by northern pike on 
stationary and moving, live prey fish. 
From total Study Stream observations 1973 
and 1974. Data indicate number of cases 
in which specific reactions were elicited. 


Prey) ACEIVity 


Predator Stationary Moving 


Partial 
reaction 


Predatory 


2s] 2) 


attempt at 4 38 
Comparing,effect of prey?! movement. inna .2)X 2.contingency 


table x= 


Table 17. 


Reaction 
of 
Predator 


No 


reaction 


Intrest 


Attack 


Totals 


* 


$UO2.97 PoOLUOde 


Reactions of confined northern pike to a’ prey 
model jmoved at ditierent speeds. From Study 
Stream tests 1973 and, 1974. Data indicate 
Mnaniber of single presentations in which specific 
reactions were elicited. Chi square test used. 
>> greater than (p<0.01). 

> greater than (p<0.05). 


Model movement pattern (approx. speed) 


Movement Slow Fast~-erratic 
stopped* swimming swimming 
(0:..5m/sec) (0. 2m/sec) (0. 5m/sec) 
O USO (IIE) >> @) 

5 (100%) 11(7%) Ks 5 (20% 

) 4 (2%) << 315(80%) 

5 TG65 20 


Model movement stopped after initial fast-erratic movement 
had elicited following behavior. 
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swift and erratic movement of the stimulus object was 
produced by jerking it quickly through the water. In 80% of 
these fast swimming trials a complete predatory attempt 
occurred; the remaining 20% of the trials all elicited 
rncerest, in the form of short follewing behavior. In five 
additional fast swimming trials (movement stopped column) an 
initial following response was produced. Subsequent termin- 
OGLonor model movementicaused northern pike to stop, 
appraise "tne model for five .o ten seconds, turn, and quit 


the area. 


A series of tests was implemented to obtain information 
pertaining to circadian rhythms in the predatory activity 
Of+northern- pikey —During’3S96.75* hours of recording, “using 
three’ types of stationary models;y+a total .of-nineée~ predatory 
Strikes occurred. * «The strikes-took®placevinvthé. morning 
(600 to 1000 hours) and evening (1630 to 2200 hv-urs). 
Unfortunately, this number of responses is inadequate to 
allow the drawing of any definitive conclusions about feed- 
ing°rhythms ys? Thevresults mayysugqgest the. occurrence’ of 
negative conditioning; most of the strikes occurred shortly 
after the model types were changed, or after introduction of 
new northern pike into the observation channel. These find- 
ings are in accord with work of Beukema (1970); which 
indicates that under negative reward conditions northern 


pike can display one or two trial learning. 
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3% Species of Prey Fish 


Behavior of northern pike in relation to species of 
prey was incidentally observed during general behavioral 
studies. Species preferences were not directly obvious from 
these general observations. Northern pike appeared to react 
in a Similar/manner |\to ost species of prey fish provided. 
mene, exceptions were the reactions to spottail shiners, 


large walleye, and juvenile northern pike. 


Spottail shiners 


Adult northern pike in the observation area exhibited 
no particular predatory rejection of solitary spottail 
shiners, provided they were within the acceptable size range 
for predation (Table 18). However, schools of spottail 
shiners (minimum school size of four individual;) had a 
Significantly lower probability of being preyed upon (p<0.01). 
in most cases, schools of this species were ignored by adult 
predators. In one instance a northern pike was observed to 
pass Up an. Opportunity to prey on “five, 7/2 5-cmirspotcail 
shiners sin. a school, and then attempt? to capture: a solitary, 
7.0 cm lake chub 70 seconds later. These findings are sub- 
stantiated by Scuba diving observations of analogous encount- 
ers between northern pike and spottail Shiner schools in 
natural littoral areas. In 29 cases spottail shiner schools 
were observed to pass within sight range of northern pike, 


yet no predatory attempts resulted. Stomach samples from 
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Table 18. Results of observed interactions between 
northern pike and spottail shiners solitary 
and in schools. From Study Stream observations 
197 3-and 1974, 


Sa a a a a EN ee 


a 
Reaction Prey Group 
of 


Predator Schooling* SOW ais, 


Interest ae LY 
No 
RESTSS = Wee ACen ek eine kB) 


* Minimum school size observed was 4 individuals 
a 
Comparing effect of schooling on predator 
reaction with seffect “of solitary prey, in 
a 2X 2 contingency table x = 6.9; pO. OL. 


a 
2 r . 2 
aes eat MEN 
‘ may Wl an Ag & 
ge ‘ioe 
ix A : 7 e= ) 
Te us 
ps fy ra. 
bh aa Ww ) Wa a i) 
“ie : f Mig 


Ve (Ba : i RI the 
‘ae aA lt re if Snel om | 
peeing anotg : r .s 
visd rHoes;* 
Baas Tay ss ede’ 


en 7 - i 
~ _ oe = q 4 ry 
REESE 
—_ 
(i 
nea i: Ws 1 1 oa 
LS =) ibe: cate 
+ fills ae d Soy es be P 


Loan i ar aets of : - oy a. 
scabies pss aa 


wk. Hi pike 


* 
: eee SP Ee 
-e we - Pas > a oes | : 


4 
1 
. * « 
. ‘ i = . | 7 an ox mite 
> a ; 
‘ 7 * ans 
a Sey iz. a Pe say ee 


northern pike also indicate that spottail shiners were 
consumed less frequently than would have been expected on 
the basis of the relative abundance of this prey species 


(FLoure 13). 


In an effort to further explore the problem of the low 
predation on abundant spottail shiners, a special examination 
of that prey species was conducted. Nursall (1973) states 
that spottail shiners may enjoy a degree of protection from 
predation by northern pike; this apparentiy results from the 
aLeficulties encountered by a solitary, predator attacking 
schooling prey fish. He reports the use of a protean defence 
tactic (see Humphries and Driver (1970)) by spottail shiner 
schools when attacked by northern pike. During Scuba diving 
observations it was found that spottail shiner schools would 
approach a stationary, undexwater .observer to within 0.5 m. 

A sudden hand movement toward the school produced the flash 
expansion behavior described by Nursall (1973). This pre- 


sented an extremely confusing array of visual stimuli. 
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Attempts to follow the progress of a single fish were hampered 


by continual, abrupt, and unpredictable directional changes 
made by individuals, and associated changes in total school 
morphology. This .phenomenon had the attributes .of a scatter 
display (Humphries and Driver, 1970), the effectiveness of 
which depended upon the appropriate response of all school 


members. 
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Information from stomach samples of northern pike 
provides further evidence indicating the predation reducing 
attributes of schooling behavior of spottail shiners. A 
small portion of the spottail shiner population in Kakisa 
Lake was infected with the cestode-parasite Ligula 
gntestinalis. This parasite resides in the abdominal cavity 
of the host, causing marked distention of the abdominal region 
in extreme cases. Observations of infected spottail shiners 
indicated that swimming ability was impaired, which resulted 
in a sluggishness of response to coordinated school move- 
ments. Generally, it appeared that the infected fish had 
to swim harder than normal individuals to remain with the 
senool. “On the basis of the findings of Humphries and 
Driver (1970) and Nursall (1973), it was postulated that 
northern pike might selectively prey upon those spottail 
shiners showing Piecoudan: sehooling behavior. go. test this 
theory the incidence of parasitized spottail shiners in the 
stomachs of northern pike was compared with the incidence of 


PalLdsitizea spottaid—shiners-in—the-generar gake population. 


Northern pike in Kakisa Lake consumed parasitized spot- 
tail shiners six times more frequently than would be expected 
if predation on this species was random (p<0.05) (Table 19). 
Ligula intestinalis from spottail shiners in northern pike 
stomachs were two to three times heavier, in relation to 
host weight, than parasites from spottail shiners in the 


lake population (Table 19). However, a portion of this 
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Table 19., Occurrence of Spottail shiner infected with 
Bpquia intestinalis, in the stomachs of 
northern pike and in samples from the lake 
POPpUlatioOn. ~ibate from 1973 and 1974. 

Spottail shiners Spottail shiners 
from the stomachs seined from the 
Ofynorenern.pike._ lake, population 
Number examined Zs owe 
Number infected with 4 2 


biguiea intestinalis 


Average weight of 
parasite.as percent 2 Srl S25 
of host weight 


Index of 


Percent occurrence in 
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weight difference may have arisen from a slight reduction in 
weight of the consumed spottail shiners, caused by the diges- 


tive processes of the northern pike. 


Adult walleye 


Data collected from stomach samples and direct obser- 
vations indicated that northern pike were capable of captur- 
ing and consuming walleye less than 0.33 the body length 
Ofvthe predator. Observations of predatory: attempts on 
larger walleye, upto. 0250) the body idength of) the predator, 
suggested that northern, prke exercises discrimination in the 


capture of these individuals. 


Four extended interactions between walleye of 20 to 22 
em fork length and northern pike (50,5, 52,..and 4), cm fork 
length) were observed. In all cases the nature of the 
interaction was similar. A walleye moving through the 
open water of the observation channel elicited an immediate 
following response from any adult northern pike within sight 
range. The walleye, detecting pursuit by the predator, 
reacted by erecting its paired and median fins. It continued 
to move forward more slowly and awkwardly, propelled by high 
amplitude sweeps of the caudal peduncle, its progress being 
impeded somewhat by the extended paired fins. Forward prog- 
ress of the walleye continued until the northern pike had 
closed to approximately one meter. The approach by the 


predator was not a dash, but rather accelerated swimming 
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of adequate velocity to overtake the prey. As the northern 
pike moved within one meter, the walleye veered away on a 
right anole tO its original direction of travel. This man=- 
euver caused the predator to slow and execute a turn to 
follow movements of the prey. _The walleye reacted by further 
course adjustments to direct its path of travel around the 
predator, along the perimeter of a circle with the northern 
pike at its center. The prey dropped approximately 10 cm 
deeper in the water, and tilted its dorsal surface towards 
the predator at approximately 45° from the vertical. This 
action presented the erected dorsal spines of the walleye 
directly to the predator. The northern pike was stationary 
during this phase, only performing turning movements to fol- 
low visually the progress: of ithe cixcling walleye. This 
activity continued, with the walleye making four or five 
complete circles, until the predator turned and departed. 
When this occurred the walleye proceeded on a tangent to its 
Circle. of travel, in the opposite direction to that taken 
by the predator, While leaving the, aréa of encounter, the 
Slowly departing walleye kept its fins erect. The total 
duration of the activity sequence was approximately 50 to 


70 seconds. 


In none of these interactions were northern pike ever 
observed to direct a strike at the walleye being followed. 
The sizes of the prey were near the acceptable limits for 
predation as suggested by Hoogland et al. (1956), but were 


Slightly higher than those suggested by Nursail (1973). 
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Cannibalism 


From stomach samples it was evident that in Kakisa 
Lake northern pike are cannibalistic. Numerous cannibal- 
istic acts were also noted in the observation area popula- 
tion. The nature of the behavior of predator and prey in 
these interactions was somewhat different than in encounters 
between adult northern pike and other species of forage fish. 
During the study 35 interactions between adult and juvenile 
northern pike were observed. The outcome of these inter- 
ACtLONG Varied, depending upon the’ specific situation... In 
30 of the 35 interactions adults were aware of the presence 
of the smaller conspecifics, hence only in these 30 cases 
was there potential for predatory acts. In 30% of these 
30 Pee races cis adults exhibited no specific interest in the 
prey-sized northern pike. In a further 30% the aduits 
showed interest by orierting to the juveniles. In an add- 
itional 23% of the cases adults showed heightened interest 
by carrying out initial movements toward the prey. Only 
five (17%) of the 30 interactions resulted in the execution 
of a complete predatory attempt (three pursuit and two stalk- 
ing). None of the observed attempts was successful. Aduits 
often terminated the activity immediately upon the occurrence 


of escape attempts by juveniles. 


The nature of adult-juvenile northern pike interactions 
appeared to be controlled, to a large extent, by the reper- 


toire of behaviors employed by juveniles during interactions. 
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1. Juveniles tended to avoid adult northern pike. in 
general, juveniles spent much time-in very shallow water 
along the ishoreline’ areas, vixntually, out of ‘reach’ to aduits. 
In addition to habitat selection, juveniles exhibited actual 
avoidance behaviors, which tended to reduce the frequency of 
intraspecific encounters. Juveniles moving along the vegeta- 
tion beds, in the observation channel, would usually stop 
immediately upon sighting an adult northern pike at distances 
up to 3.5 m away. Even if-adults were Gnactive and facing in 
the opposite direction the juveniles would react. The small 
northern pike would then back up for a short distance, while 
Still facing the adylt. At a variable distance from the 
adult the juvenile would turn, and move away from the area 

ab a moderate speed. 2. Juvenile northern pike | reacted, 
aimost immediately, to any Orientation or overt intention 
movements directed towards them by an adult. There was a 

78% occurrence of flight by juveniles which adults were 
orienting towards. The usual response of the juvenile was 

to move quickiy to an area of aquatic veqetation. 

3.8 Juvenile northern pike, when fiecing irom an adult, res— 
orted to the use of extremely confusing protean escape behav- 
iors. These usually involved a series of rapid leaps along 
the surface of the water, the effect produced being somewhat 
akin to that of a flat rock skipped across, the water surface. 
The last splash was followed by a dart underwater, usually 

at an angle to the initial direction of travel, texminated 


by an abrupt stop, often in an area of aquatic vegetation. 
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4. If a juvenile northern pike found itself being examined 
at’ close range by an adult; a special type of behavior, not 
observed in any other forage species, was employed. The 
juvenile turned to face directly toward the adult, then very 
Slowly began to back away towards an area of aquatic vegeta- 
tion. As the adu#tsentered* the vegetation, =the! juvenile 


darted quickly to the side, and escaped through the cover. 


4. Social Facilitation in Predation 


Northern pike appeared to react to conspecifics seen 
Garrying out pursuit predation. ‘In.20 of the’ observed 
pursuit variety predatory acts, other northern pike were 
present in the area, and thus could observe the predatory 
attempt. In 11‘ of the 20 cases (55%), the second fish 
reacted positively to the actions of the predator. These 
positive reactions consisted of high intensity Locomotor 
activities directed toward the predator, or along an are 
around the area of predation. In the remaining 9 cases (45%) 
the. second northern pike*did- not réact tothe activity of the 
firstt@" O£Y 1120+ observedr interactions @between-northern pike, 
occurring in the absence of predation, only 193 resulted in 
a following response by one individual. This level of 
cohesive responses was Significantly lower than that observed 
-during interactions following predation (p<0.001). The 
outcome of the initial predatory attempt did not seem to 
dictate the nature of reactions exhibited by the second fish. 


The second northern pike may, infact, become active before 
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the initial predatory attempt had terminated. Stalking 
predation tended to occur hidden by vegetation, and was of 
short duration; the act was seldom observed by other northern 


pike, and never reacted to. 


5. Predatory Behavior of Juvenile Northern Pike 


puring observations, on the Study Stream, a number of 
predatory acts by young of the year northern pike were 
observed and recorded. These observations indicate the 
existence of certain differences between the feeding behavior 
of juveniles and adults. The juvenile northern pike were 
between five and eighc, centimeters, in, fork Length; the prey 
fish were spottail shiners and white suckers between two 


and three centimeters in fork length. 


Juvenile northern pike were seldom seen in open water 
except during predatory forays. They rushed at the prey fish 
from hides in aquatic vegetation beds. The initial rush was 
similar to that used by adult northern pike. it could be 
Followed by a stop and appraisal or. the prey, or Jess, fre— 
quentiy by a continued predatory rush directly to the prey. 
This continued predatory rush was similar to the pursuit 
situation in, adult, predation,, except that, the: prey ote juven-— 
iles seldom reacted by fleeing. The general behavior of the 
prey was dissimilar to that of adults of the same species. 
The small spottail shiners and white suckers did travel in 


loose schools, but rarely displayed the antipredator 
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behaviors used by adults of the species. The small forage 
fish only swam slowly away from the point of disturbance 
created by a predatory act. No flash expansion (Nursall, 
1973) of schools of juvenile spottail shiners occurred in 
response to the-attacks of predators. It appeared that 
spottail shiners developed escape behaviors as their loco- 
motory ability improved, and after a number of encounters 


with predators. 


Stalking-type predation was the form most commonly used 
by juvenile northern pike (Table 13). ‘The young predators, 
in some cases, would follow the schools of prey, and 
periodically lunge at peripheral individuals. Juvenile 
northern pike were also able to move into prey schools, 
hang motionless, and strike repeatedly at individuals within 
range. The situation faced by juvenile northern pike 
appeared to be more conducive to accurate predatory strikes 
than that faced by adults. Yet the: success rate of juvenile 
predation was only 24%. The general impression was that 
young northern pike had not yet gained the skill achieved 
by adults, but the naivete of the young prey fish allowed 


a comperable predatory success rate to exist. 
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DISCUSSION ~ 


ie” Description “of "Predatory Act 


Descriptions of the predatory act of northern pike have 
been given by Hoogland et al. (1956) and Nursall (1973); 
these descriptions are largely consistent with the sequence 
ef behaviors observed in the stalking form of predation. 
tne patter of action employed in this form,of predation is 
apparently a stereotypic trait of the spécies. The sequence, 
wever-the-Léss > cannot "be termed 4a..tixed action pattern, 
Since its form is not independant of environmental stimuli 
(a criterion of Hinde (1966)). The act can be terminated at 
any point in its execution (Hoogland et al., 1956), and the 
individual” steps *can be modified -by"specifiec’ attributes ‘or 


s 


behaviors of the prey organism (Figure 17}. 


The initial detection and orientation components of the 
predatory act are similar to those reported by previous 
workers. The slow stalking approach phase, outlined by 
Hoogland et al. (1956), was observed during the present study 
only when northern pike were moving through aquatic vegeta- 
tion towards a prey organism. In open water the predator's 
initial approach was more rapid than that previously des- 
cribed. This difference in observations may arise as a 
result of a slight modification of approach behavior employed 


by northern pike when confined in small holding systems, 
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such as the “aquaria “used “by Hoogland et al. °(1956)°." The 
effects of confinement may also explain the failure of 
northern pike to display both stalking and pursuit predation 
during previous behavioral studies. The approach phase is 
the initial point at which the divergence between stalking 


and pursuit predation is manifest (Figure 17). 


Stalking predation 


At a Gistance Of approximately 0.5 m from a stationary 
prey the predator checks its initial rush, and begins stalk- 
ing slowly forward. At this point the behavior again con- 
forms to that described by Hoogland et al. (1956). The 
subsequent cessation of movement by the northern pike, and 
appraisal of prey for a period of variable length is consis-— 
tent with the findings of Nursall (1973). On the basis of 
the rejection of stationary prey models (Table 17, Movement 
stopped column), it is evident that northern pike do assess 
the acceptability of prey organisms during the appraisal 
phase. During this phase, slight movements by the prey, 
which could represent intention of escape, often act as 
stimuli triggering an immediate predatory lunge. In some 
instances it appears that these stimuli are of sufficient 
magnitude to override inhibitions which might normally pre- 
vent predation on certain types of prey. This is suggested 
from pilot tests conducted with prey models. Northern pike 
would appraise, but not strike at a model which had ceased 


moving. In a small portion of the pilot tests, northern pike 
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were..induced,to.strike, oe three to,five .second .period 
of appraisal, by imparting movement to the model. A similar 
reaction to prey movement is shown by juvenile yellow-bellied 
bagers 4(Coluben.consteictor) Herzog et al., 1974)... This 
snake will temporarily terminate pursuit of prey which cease 
moving, but will strike immediately upon resumption of prey 
movement. Hoogland et al. (1956) note that ninespine stick- 
lebacks occasionally escape northern pike predation by 
remaining motionless. In situations with acceptable live 
fish, no prey movement is necessarily required to induce 
northern pike to assume the 'S'- posture after a period of 
appraisal... This fact was initially,reported by Nursall 
(1973), who noted that the situation is in contrast to that 


suggested by Baerends (1957). 


The ‘S'- posture, assumed prior to the final predatory 
lunge, brings the caudal fin away from the body midline and 
forward... The result.is similar tothe shortening,in; length 
of a coil spring being compressed upon itself. As a con- 
sequence, the subsequent thrust of the caudal fin appears to 
be directed backward closer to the parallel of the long axis 
of the body than is the case in normal swimming movements. 
One advantage of such a posture is the reduction in sympath- 
etic, lateral head displacement in response,to the caudal 
thrust. If the predator’s head was laterally displaced, 
as from a normal side to side caudal movement, it might be 


expected that compensatory aiming would be required. Then 
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it would be necessary for the predator to face to one side 
of the midpoint of the prey'’s body. All observations 
indicate that northern pike face directly towards the prey 
Prior to a predatory lunge. This is consistent with the 
findings of Nursall (1973), who states that during predation 
nMOnChHern Pike orient. Cheizx body "so that the long axis 


points directly towards the prey." 


The predator's mouth remains closed until the last 
instant before the prey is struck. This habit would appear 
EO be) functional in two respects. First, by ‘keeping: the 
jaws closed the predator minimizes the surface area of its 
leading edge, which allows’ the snout to act as a shearing 
surface producing a minimal pressure wave in the medium 
ahead. A larger leading edge would increase the size of 
the pressure wave (Gosline, 1971) which could pesh a,smald 
prey ahead of the predator, plus act as a mechanical stimulus 
eliciting prey flight. Second, Hoogland et al. (1956) state 
that the rapid mouth opening causes a flow of water to move 
into the buccal cavity of the predator. It seems plausible 
that this: fiow could function to pull a small prey organism 


into the mouth of a northern pike. 
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Pursuit predation appears to develop only in situations 
which allow predators and prey fish to swim rapidly for 
distances of at least three to four meters without having 
their progress impeded by physical barriers. Agreement 
between present findings and those of Ivanova (1969) is 
apparent, Since she states that°in the wild northern pike 


frequently pursue their ‘prey. 


Escape-fleeing of prey fish seems to be the only stimu- 
Hus Lequibed CoO induce a conwersion £rom stalking to pursuit 
predation. Acceleration to burst speed enables the northern 
pike to overtake most prey fish which flee directly away 
from the predator. The rapid snapping movements. of the jaws, 
associated with overtaking of prey, dc nct seem to be as 
perfectly coordinated with initial contact as the single 
Snap used in stalking predation. Repeated snapping appar- 
ently functions “more in the nature of* trial and error. The 
small distance which the jaws are opened during snapping 
likely minimizes the perturbations of laminar flow of water 
over the predator's body, and thus minimizes the turbulence 
drag created. If the mouth was held open wide, without snap- 
ping, drag forces would be greatly increased resulting in 


a reduction of pursuit speed. 
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Comparison of pursuit and stalking predation 


These two types of predation are well adapted for the 
situations in which they occur. In pursuit predation 
northern pike can and must direct their attempt along the 
path to which the fleeing prey fish has committed itself. 

An increase of predator speed is logically necessary to 
allow overtaking of the prey. The appraisal phase is elim- 
inated in this case, but it may be suggested that a fleeing 
prey under normal conditions is usually an acceptable one. 
in Stalking predation, “In open water, the initial ‘approach 
speed is reduced as the predator draws near a nonfleeing 
prey. *In’ this situation the prey has not committed itself 
LO any direction Of movement, ald retains the option "of 
rlicnt “in“a vartrety"of directions.” A northern pike approach- 
ing at high speed would appear tc have a reduced ability to 
make compensatory course adjustments, should the prey fish 
move just prior to contact. Slowing the approach should 
increase the angular mobility of the predator, and also al- 
low appraisal of the prey. The suddenness and shortness of 
the final lunge would reduce the chances of missing the 


prey organism. 


Quantitative aspects of stalking and pursuit predation 


Predatory acts comprised approximately 50% stalking and 
50% pursuit behavior. Because of the importance of prey 
behavior in determining the mode of predation employed, it 


is not possible to suggest that similar frequencies would 
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exist in wild populations. 


The success rate of stalking predation, including the 
27 obscured attempts as failures, was twice that of pursuit 
predation (Table 13). Nursall's (1973) value of 41% success 
of stalking predation implies that the 22% success rate obs- 
eivedsin= the presentestudy.ts perhapsean-. underestimate. It 
seems that the ratio of 10 successes to 9 failures (53% suc- 
cess) in only the 19 unobscured attempts is a better estimate 
of the actual level of success, than when the obscured 
attempts are included. The revised value indicates even more 
Sstrongiyethati northern pikeyvofuthe size rangesused, are 
best adapted to the use of sudden, straight line predatory 
Strikes. This can also be concluded from the general ex- 


2) 


OY 


ternal morphology of this predator. Lagler et al. (19: 
and Gosline (1971) suggest that fish with elongate bodies 

and posteriorly placed dorsal fins are well adapted for 
speeds dandriessrsoi for execusingiLighe: turne. ee Thecoecctrrence 
of stalking predation largely depends upon a lack of prey 
flight; iwhichrisminsuredsifithes*predator strikes fromvaseas 
of cover or vegetation. This fact, coupled with the higher 
success rate of stalking predation, indicates the critical 


importance of aquatic vegetation for the existence of 


northern pike. 


Swallowing 


The stereotyped nature of prey-swallowing movements 
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employed by northern pike, and their similarity in juveniles 
and adults alike, indicates that this behavior originates 
Lhargelysastan innate pattern.seThese movementssare/nots  ap- 
parently, completely immune to a degree of modification 
through experienee, since Hoogland et~al. (1956) find starved 
nopthern pukestto become more proficient sat swahklowing 


Gasterosteuscwith repetition, of «the act. 


Head movements utilized by northern pike, while manip- 
ulating prey, imply that the inertia of the prey's own body 
is responsible for causing it to turn. The predator:'s head 
is flexed sideways and returned sharply to the midline, 
wheretit abruptly\stops. Moath pressure must berslightly 
reduced at this point, since the prey'‘s body turns in the 
predator's jaws as the abrupt stop occurs. Hoogland et al. 
(1956) state, and present findings agree, that prey are not 
mouthededtnmimng ithe swallowing process. Once correctly posi- 
tioned, prey are ingested smoothly, with associated jaw 
movements absent. Wunder (1927) postulates that this process 
poumedilatedaby movements of the tongue’ on»ethe © floor’ of 
the mouth. Gaping movements invariably follow the disap- 
péaranceWofethe prey “into the buccal cavity of, the predator. 
Hoogland et al. (1956) assume that gaping functions in comple- 
ting the ingestive process, and also in cleaning the buccal 
regione wadbservations, of scales and pieces of vegetation 
being flushed from the opercular region during gaping, sup-~- 


port the second assumption of Hoocland et al. (1956). 
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Large prey fish are regularly ingested head first by 
northern pike (Table 14). Swallowing of large prey fish in 
this orientation should have several advantages. Firstly, 
the head of all prey fish is somewhat pointed, while the tail 
is flexible and expandable. The relative merits of directing 
a solid, pointed object into the esophagus over the disadvant- 
ages of directing a flexible, expandable object are obvious. 
Secondly, most prey species are covered with tough, caudally 
directed.scales., Ingestion of prey anterior end foremost 
would allow interlocking cf the caudally directed teeth on 
the tongue of the predator with the free edges of the prey's 
scales. Such a purchase.would facilitate forcing large prey 
into.the constxricted esophagus. Thirdly, the dorsal spines 
of walleye can only-.be depressed against the body by a 
caudally dinected force. This: feature appears to preclude 
any tendency of northern pike to swallow individuals of 


this species tail first (Table 14). 


Smalier prey fish are swallowed with approximately 

equal frequency head and tail first. The small relative 

size of these fish apparently makes tail first ingestion pos- 
Sible.  Nursall (1973) documents a case of a spottail shiner 
being swallowed sideways by a northern pike. Hoogland et al. 
(1956) and Roberts (1975) agree that the spines of ninespine 
stickleback offer little deterrent :to northern pike preda- 
tion. Present findings substantiate this suggestion, by 
bllustrating that this prey .is; not \.swailowed head: first sig- 


nificantly more often than tail first (Table 14). 
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Color changes 


In 11 cases, which all possessed the attributes of 
predatory situations, northern pike were observed to undergo 
distinct changes in color pattern and general body hue. 
Baerends et al. (1955) report color changes in Lebistes 
reticulatus occurring over a period of several minutes 
Or-lecs. nese auchors Conclude, from the time required, 
that the changes are under nervous rather than hormonal con- 
trol. The period required ,for color change,,in northern pike 
is .approximately 30 to_.90 seconds, implying, that nervous 
control is likely involved in this species.also. Color 
changes in Lebistes reticulatus (Baerends et al., 1955) and 
Salmo salar (Keenleyside and Yamamoto, 1962) were assoc- 
iated with courtship and agonistic activities respectively. 
Baerends et al. (1955) and Hinde (1966) indicate that in many 
cases alteration of external coloration reflects changes in 
motivational state. In northern pike the changes were in 
all cases coincident with prolonged appraisal of prey fish. 
{It seems that the color changes observed may indicate a 
change in predatory motivation. Since few complete predatory 
responses were associated with color changes, it could be 
assumed that the change in motivational state results from 
conflicting drives for and against a predatory response. 

The irregular and infrequent occurrence of color changes 
suggest that the phenomenon may only develop under specific 
conditions, which partially depend on the abnormality of 


the stimuli, causing inhibition of a normal response. 
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2. Post-predatory Behavior 


The intensity of locomotory activity undertaken by 
northern pike subsequent to encountering a potential prey 
organism is contingent upon the result of that encounter. 
Following a successful predatory act northern pike tend to 
employ high intensity locomotory behavior for travel in the 
general area surrounding the point of capture. The predator 
appears oO engage in intensified Searching activity. This 
suggestion is consistent with findings of Tinbergen et al. 
(1967). They state that carrion crows (Corvus corone) 
exhibit intensified “area restricted searching" following the 
discovery and consumption of a prey item. Threespine stickle- 
backs will also intensify searching on a restricted area of 
the substrate around the point of prey capture (Thomas, 1974). 
Both of these studies find that the level of locomotor act- 
avity is reduced, and the path Of travel: becomes more tort— 
uous during area restricted searching. THis ws not incon= 
sistent with present findings, since in the studies of 
Tinbergen et al. (1967) and Thomas (1974) the prey organisms 
were sedentary and partially camouflaged. A predator search- 
ing for a sedentary prey will intensify its quest by becom- 
ing more meticulous, and thus reduce its speed of travel: 
Following successful predation northern pike activity is 
increased, but travel is confined to the general area by 
following arcs around the point of capture. The prey in 


this case are. mobile, and survivors tend to scatter away 
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from the point of attack. Hence the predator patrolling for 

remaining prey organisms must search over a larger area. An 

increase in locomotory activity may be necessary to cover 

the immediate region before other prey have fled far from the 


area. 


The impetus for intensified searching seems to arise 
from a heightened predatory drive in a still unsatiated pred- 
ator. It is assumed that the response is functional if it 
increases the efficiency of the predator in encountering 
additional prey items. Thomas (1974) notes that the response 
is only effective if the distribution of the prey species is 
such that the probability of discovering a second prey item 


is greater near to, rather than far from, the first prey item. 


Following unsuccessful predatory attempts the sub- 
sequent locomotory activity levels tend to be consistently 
POWer,: and’ the duration shorter, thar activitys fol lowing 
successful acts (Table 15). The paths of travel are not 
elosely”"confinea to “the area of therattempe ,) and: appear to 
lack a definite pattern. In 20% of the unsuccessful attempts 
no subsequent activity was undertaken, while this was never 
the case when attempts were successful. These findings lend 
support to the suggestion that the outcome of the initial 
attempt has a controlling influence on the level of predatory 


drive. Displays were given by northern pike significantly 
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more often following unsuccessful attempts than in either 

of the other two cases (Table 15). Tinbergen (1952) daa ee 
ates that the occurrence of apparently irrelevant behavior 
following an unsuccessful consummatory act may reflect 
thwarting of a specific drive. Based on the findings of 
McFarland (1965), it seems that the displaying may represent 
a displacement activity. Displacement activities, such as 
this, can function in the.release .of.excess impulses, when 
inhibitions prevent their release through normal channels 
(Tinbergen, 1952). The theory indicates how the displace- 
ment activity could arise, but it does not suggest the 
functional»signifieance.ocf an inhibition of high: intensity 
locomotory activity when «predetorycattempts fails ,<oOne 
possible value of an inhibition of further searching can 

be proposed. If the lack of predatory success experienced 
were -.due-torthe inherent sability .offthe epparticular prey 
species to avoid predation, then the probability of captur- 
ing,any pindividualrof) thatespecres wouldrbe how Jarcitywoauld 
then not be energetically expedient for the predator to 
intensively search the immediate area, even if other individ- 
uals of that species were present. ‘The! reactions * of northern 
pike. to schools of spottail shiners, encountered in open 
water, seem to support this suggestion. This pattern of 
behavior is consistent with suggestions of Schoener (1969), 
who proposes that for optimal efficiency, predators must 


strive to minimize either pursuit or searching time. 
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When northern pike detect prey but do not attempt ‘to 
capture it, there is a tendency for the predator to remain 
inactive. The phenomenon of prey rejection has been discus- 
sed by Thomas (1974). He finds that rejection of prey 
induces "changes which are antipodal to those of discovery 
resulting in eating." For threespine stickleback this 
eCntaiis an initial decrease in searching intensity and move- 
ment away from the site, which has been termed "area avoided 
searching" by Tinbergen et al. (1967). It might be expected 
that the reaction of northern pike would be somewhat dieeen = 
ent, since this predator often hunts by remaining stationary, 
and reacting ‘to prey moving by. Thus it does not neces~’ 
sariiy follow that this predator would quit the area if a 
prey item was not acceptable... However, data collected in 
a seminatural situation do not lend themselves well to 
vanalysis of this particular aspect o£ predatory behavior. 

TE is not known whether the srailure fourcact. 1s caused: by 
actual rejection of the prey, or if general predatory drive 
is Jow at the time, in.which case jany prey. would, fait to 
elicit a response. Experiments conducted under controlled 
conditions are required to justify further comment on this 
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Previous studies are not in complete agreement as to 
which sensory modalities are of primary importance in the 
predatory act of northern pike. Solman (1945), Hoogland 
]@t al. (1956), and Coble (1973) indicate that visual stimuli 
are anvolvyed in the directing and releasing of a predatory 
act. Wunder (1927) and Nikolsky (1963) contend that the 
tateral line is) the main sensory system mediating orient- 
ation and release of a predatory act, while the eyes only 
function in compensation during the lunge. McNamara (1937) 
has proposed that olfaction is Of importance to northern 
pike. -Results of the present study indicate that all of 
these sensory modalities can be employed by northern pike 
during predatory activities, but that relative importance 


of each modality can vary with the situation. 


Prey fish confined in glass vessels were presented to 
northern pike to provide visual stimuli only. In the waters 
Of the Study Stream, visual stimuli, were sutricient to 
attract predators from distances up to four meters away. 
This is a sliiqhtly greater maximum reaction Gisftance than 
the 0.6 to 2.4 m maximum determined by Solman (1945) for 
Clear waters. Visual stimuli alone were also sufficient to 
elicit "S"-posture, and release predatory lunges. All 
strikes released by visual stimuli alone were as accurate as 


those directed at unconfined prey during stalking predation. 
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A further indication of the importance of visual stimuli is 
gained from the fact that northern pike would repeatedly 
consume dead prey fish, which had been placed on the water 
Surface, and™were in the process of Sinking. ‘This ts in’ con- 
trast “to “statements O£f"Frost and * Kipling (1967) that 
northern pike will not consume inert prey, even if it is 
moved by water currents. However, their studies were con- 
ducted in the laboratory, which perhaps modified the 
predator's feeding behavior, as found by Beyerle and Williams 
(1968). Thus it is evident that visual cues alone can 
account for detection, orientation, and the release of accur- 


ate strikes at prey fish. 


Wunder (1927) and Nikolsky (1963) base their assumptions 
on observations of successful predatory acts by blinded 
northern pike. By removing the predator's ability to visu- 
ally detect prey, these workers determined that mechanical 
StiIMULS "alone wilt Elictt ee eAta Sion and the release of 
predatory lunges. Although this type of experimental manip- 
ulation makes possible determination of the existence of a 
specific sense, it is somewhat misleading, since it deprives 
the animal of a normally present sensory modality. By drop- 
ping small amounts of water onto the surface of the study 
stream, mechanical stimuli alone were presented to the pred- 
ators. These stimuli, occurring within 15 cm of northern 
pike, elicited accurate orientation and initial approach to- 


ward the point of disturbance. This response could be 
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elicited by stimuli emanating from any point in front, behind, 
or lateral to the predator, suggesting detection by mechano - 
receptors. The complete failure of these fish to direct 
predatory lunges at points of mechanical stimulus indicates 
that the.absence.of visual,.cues,;,-in a situation where they 
would be normally present, inhibit the performance of a 
complete act... The findings of Wunder, (1927) and, Nikolsky 
(1963) are not without some support, since Mauck and Coble 
(1971) find that northern pike continue to feed on live prey 
fish even when turbidity levels are high enough to preclude 
Visual detection of prey. Apparently, in cases where the 
sense O£ vision is naturally impaired, mechanical stimuli are. 


utilized to direct and also release predatory acts. 


Olfactory stimuli seem to play a minor role in orienting 
or releasing the predatory act of northern pike in clear 
water. Northern pike would not react to solutions of prey- 
conditioned water placed in the observation.channel, nor 
would they consume dead prey fish which were stationary. 
These findings are based on the reactions of northern pike 
in clear water. Under extremely turbid conditions and 
during the hours of dusk northern pike will consume station- 
ary, dead prey fish, which are lying on the substratum 
(personal observations, Red Deer River). Presumably, olfac- 
tory cues allow detection and orientation of northern pike 


to these inert prey. 
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Data indicate that at distances of greater than approx- 
imately 15 cm detection of prey is based on visual stimuli 
alone, as suggested by Hoogland et al. (1956). Visual and 
mechanical stimuli function in orienting northern pike to 
Prevadi Clear waren, puLc mechantcal Stim? ‘are. only import 
ant at close range. Appropriate visual stimuli, control the 
release of predatory lunges in clear water. When visual 
cues are éliminated by turbidity or darkness, northern pike 
can detect and capture prey by employing mechanical or 
Sr raclocy, recepron Ssyerenc. slors plurality of rey detec 
tion systems would appear to have extreme functional 
importance to a piscivore frequently subjected to sudden and 


prolonged periods of turbid water conditions. 
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Prey movement 


The studies of Hoogland et al. (1956), Baerends (1957), 


Beyerle and Williams (1968), and Mauck and Coble (1971) 
collectively suggest that prey movement is important in 
eliciting the predatory act of northern pike. Data obtained 
during the present study statistically substantiate these 
suggestions (Table 16). Results of prey-model presentation 
tests indicate that not only movement but type of movement 
effects the responsiveness of northern pike to potential prey 
fish (Table 17). The low responsiveness of northern pike in 
slow swimming trials indicates that the stimulus configur- 
ation of the model was deficient in some respect. The pred- 
ators displayed significantly higher responsiveness to the 
same model when speed and irregularity of movement were 
increased. It seems plausible that rapid movements of a 
prey: provide a stronger total visual stimulus, by increasing 
the number and variety of aspects in which the pray is 
viewed. The increased rate at which these visual stimuli 
are received by the predator could, through heterogeneous 
summation, compensate for any deficiencies inherent in the 
stimulus configuration of the model. Hinde (1966) reports 
that the pursuit response of the male fritillary butterfly 
(Argynnis paphia) is dependent on speed of model movement, 
coe1or,, and:idistance) fen its) elici tation.ymHe: motes: ithat 
increasing the speed and manner of model movement can comp- 


ensate for its other character deficiencies, and thereby 
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elicit a pursuit response. This situation, which Hinde 
(1966) attributes to stimulus summation, is basically similar 
in its motivational properties to the presentation of prey 
models to northern pike. In no case did northern pike fail 
to show a reaction to the fast moving model, while this was 
the most common result of slow swimming trials. This fact 
Seems to negate the possibility that the only effect “of 


fast swimming was an obscurement of the model's deficiencies. 


In the wild this type of response by a predator may 
be adaptively significant, if prey displaying abnormal swim- 
ming behavior possess an impaired ability to escape preda- 
tion. The studies of Beyerle and Williams (1968) indicate 
that the erratic behavior of newly introduced prey increases 
their vulnerability to predation by northern pike held in 


aquaria. 


4. Prey Species 


Observations indicate that the predatory reaction of 
northern pike is essentially similar for most species of prey 
provided. Mauck and Coble (1971), using other species of 
prey fish, report similar findings. The exceptions in the 
present study are the special reactions of northern pike to 
spottail shiners, large walleye, and juvenile northern pike. 
Results indicate that the unique behaviors of these prey pro- 
vide the impetus for a modification of behavior of the 


predator. 
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Sopottais ‘shiner 


The schooling behavior of spottail shiners was found 
Lp reduce, their accessibility to northern pike, as sug- 
gested by Nursall (1973). Conversely, Beyerle and Williams 
(1968) state that schooling increased the accessibility of 
Sertaan prey spectes to morthern pike. Descriptions -qiven 
by Beyerle and Williams (1968) strongly suggest that the prey 
behavior they observed was not schooling, as defined by 
Keenleyside (1955), but rather nonpolarized, facultative 
aggregating. This distaunctiion is Oriticallin ithe Light of 
the predation reducing attributes of coordinated schooling 
behaviors (Breder, 1967; Seghers, 1974) compared to the 
predation enhancing attributes of aggregations (Ivanova, 
1969). Northern pike are significantly more responsive to 
solitary spottail shiners than to schooling groups (Table 
18). This indicates that the attributes of the school, and 
not the species per se, have an inhibitory effect on the 
predatory tendencies of northern pike. Additional evidence, 
substantiating the importance of schooling as a defence 
against predation, is contained in the work of Seghers 
(1974). He examined the schooling behaviors of populations 
of Poecila reticulata in the wild. In populations having 
few fish predators, schooling is poorly developed or absent, 
while populations with abundant fish predators show highly 


developed schocling tendencies. 
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Humphries and Driver (1970) discuss the theoretical 
basis for the effectiveness of integrated schooling behavior 
as a defence against predation. They suggest that the ex- 
plosion of the prey group, when attacked, presents a myriad 
of visual stimuli, as the individual members flee in various 
directions. These stimuli apparently arouse, in the pred- 
ator, a number of incongruous orienting responses, which 
conflict with one another causing a decrease in efficiency 
of the predatory response. For efficient predation it seems 
imperative for northern pike to orient accurately toward a 
single individual,~and* then carry” out avery precise and 
well timed act. Nursall (1973) describes this by suggesting 
that the predatory movements of northern pike have an almost 


mechanical appearance. 


Functionally, it would be energetically expensive for 
these predators to repeatedly attempt capture of normal 
spottail shiners from a school. Presumably, repeated unsuc- 
cessful attempts to capture this prey from a school could 
act as negative rewards to the predator. Beukema (1970) 
finds that northern pike can undergo negative conditioning, 
in relation to predation on lures, by one or two trial 
learning. In light of present observations Beukema's (1970) 
work supports the assumption that northern pike do learn to 
partially abstain from attempts to capture normal spottail 


shiners from schools. 
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The disproportionate use of parasitized spottail shiners 
(Table 19) lends additional support to the assumption that 
the integrated behavior of school members, and not a repul- 
sive characteristic of the species itself, is responsible for 
lowering the responsiveness of northern pike to this prey. 
Heavily parasitized spottail shiners display movements which 
are not in harmony with those of the general school. These 
particular individuals attract one's attention, and are 
easier to visually isolate than other school members. The 
errant behavior of the parasitized prey fish within the 
school amay.berdetectable to the predator, causing, arise 
in the normally low responsiveness of northern pike to 
schooling spottail, shiners., The bias, toward exploiting prey 
oOfelow.£itness.is consistent with. optimal predatory ‘strategy 
(Slobodkin, 1968). Hertig and Witt (1969) report a similar 
Situation. They find small, largemouth bass (Micropterus 
salmoides) infected with trematodes, Dactylogyrus, to be more 
vulnerable than controls to predation by bowfin (Amia calva). 
Mauck and Coble (1971) note that disease increases the vul- 


nerahbiLity.of~preyyfishsto predationsby.northern. pike. 


Adult walleye 


Interactions with adult walleye provide the strongest 
evidence indicating the ability of northern pike to visually 
recognise different prey species. Northern pike appear to 
show a recognition of walleye from the outset of an inter- 


action. This is indicated by the manner in which adult 
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individuals of this prey species are approached by the 
predator. With walleye, the approach is only. of sufficient 
speed to overtake the prey, while with other northern pike 
or white suckers, of approximately the same size as a wall- 
eye, the approach is a rapid predatory rush. Hoogland et al. 
(1956) document visual rejection of ninespine stickleback 

by experienced northern pike. They conclude that the unique 
movement pattern of this prey is likely the characteristic 


which acts as a cue to the predator. 


The behavior of walleye pursued by northern pike is 
unique among the prey species examined. Northern pike 
could likely overtake a fleeing walleye, and possibly obtain 
annetfectave Grasp: on bhescaudad portion) of the prey 's. body. 
This opportunity was not presented to northern pike during 
observations, since the walleye did not flee from the pred- 
ator. Rather, this prey assumes a defensive posture, appar- 
ently depending upon its substantial armament to deter a 
predatory attempt. Green sunfish (Lepomis cyanellus) and 
largemouth bass both posses spines similar to those of wall- 
eye. Mauck and Coble (1971) state that neither of these two 
species show a particular avoidance of northern pike. The 
proclivity.of walleye.to. present, thesdorsal, spines toward 
the predator, seems functionally similar to the habit of 
Gasterosteus tilting its ventral surface, bearing large 
pelvic spines, towards a perch (Hoogland et al., 1956). An 


attempt at capture of the prey broadside, in either case, 
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would result in a direct strike by the predator on a heavily 
spined region. In addition, the continuous Circling of the 
walleye prevents the northern pike from preparing for a 
predatory iunges” "In“alY Gases these ‘tactiGs ;“of-the :prey} 
caused a hesitation by northern pike, which was similar to 
that described by Hoogland “etal. (1956). No’predatory 
attempts were made by northern pike during interactions with 
walleye, which indicates that all study fish had been con- 
ditioned by previous interactions. There remains the con- 
tingency enaed for at least some of the northern pike, the 
walleye provided were near the maximum acceptable prey size. 
If this were the case it was a result of the armament of 

the walleye, since the northern pike did consume other 
species of prey fish which were larger in body size than 


the walleye provided. 


These findings seemingly contradict earlier statements 
regarding the high natural level of predation on walleye by 
northern pike. However, two related facts can explain this 
apparent conflict. First, data indicate that walleye are 
most important in the diets of the two largest size classes 
of northern pike. Second, analysis of prey body depth to 
predator jaw width ratios indicate that the mean ratio for 
walleye consumed is slightly lower than that for all species 
of prey fish combined. Thus the largest” predators aré con= 
suming relatively smaller walleye as prey. From this it 


is possible to. propose a thesis explaining the high natural 


ybivson a ab,’ anoomsaey Pere 1 saas8 

eit He pant Saes “eigen 29? SHE? ¢ fee 

ra” parece vie ‘awitq- | 

cea ots 8  peolsnetaeigte apis esa ae 

ob segue 260 eeuceenynld Medic ya BOE i 

yiedabieky om! qaeeEy 4, army shaseont $0 rr 

fh de ee JoRweAsHE gece ee Lemeenbe: 
“rt mes pHi es sysypre ec wens: 

~ tos eee siideacabis aeadt Ws arte b Someta iui het igg 


mea 


ee ee bey. aa IOR. ony, RO enna ewok ts 30 ante 1 inet 
te yout ‘stctestaeaot rere s “2a sou 


ee ‘panos > ne qranoson ede eae 
R + Mah eee 


kp Dette Were a+ Tae | 


stovty sini) spt vie eet et | ee ihe Sree 


“i : 
ah tae i aa 


ey see ia . “b ! \ mn 3 ae 


ten oma opine: | hha 
vel orga £98 0. corkage. a 3 
biwy meal rij Lose oli ae re ci ee NY age 1: 
‘othe et Beers oe dents rohfieos 


Pa 


ae z ar a Ve ae D iia = 7 
pik, sake jane aw oat te, aise in ee ab Eee tae 
gts lis. verse. ae ‘seaythien, base oni dees iat Ot 
Fe ie ee 20) ~ | a 
2% olan rae ont aged ‘eignibus nerd a stad wa so taba 


eat ite hey sats ase “He ve. arias + at bomen evoke 


= aon Sak ‘ceils Smee. gett ein ital dar ford es 
*: Blase cers ed 25. Bretley scilpae vioutts ies irkbueill 


Sertwiyten “etd si cepa wisest SOs oa ss os aldieecd at 


use of walleye by northern pike. If the defensive behavior 
observed were inappropriately employed by these walleye, an 
the presence of slightly larger northern pike, the result 
may be an increased ease of capture for the predator. Thus 
a large northern pike displaying some perseverance. might 
Utibize sithis mistake trosits advantage.  Hoogland et: al: 


(1956) do indicate that starved northern pike will learn 


requires extended periods of time to complete the act. 


Cannibalism 


Of all prey species examined, juvenile northern pike 
possess the widest range of behaviors and habits which pro- 


tect them from predation by adult northern pike. 


Juvenile northern pike have the ability to detect 
Stationary and partially hidden adults. Other prey specics 
are never noted to display this degree of predator detection 
ability, but. whether this is a resuit of poorer vision 
or lower responsiveness than juvenile northern pike is not 
certain... A juvenile northern pike in open water unerringly 
aVvVOlds any adult iat detects. » In contrast, other preyiiicn, 
such as spottail shiners and white suckers, are occasionally 
observed to loiter in the immediate vicinity of adult northern 


pike. 
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Juvenile northern pike also employ two different methods 
of escape behavior, with the specific tactic used being bons 
tingent upon the nature of the predatory situation. The 
first type of escape response is used when an adult is 
detected, at a distance of approximately 0.5 m or more away, 
orienting or moving towards a juvenile. The escape behavior 
comprises flight by a series of surface leaps, followed by 
an underwater dart on an angle, terminated with an abrupt 
stop.nt The, totad.efftect):preduced cis a series» of: highly 
visible stimuli, which attract an observer's attention, often 
causing the final underwater dart to be overlooked. The 
tendency, at least ifor a terrestrial observer, is to project 
aline along the original path of travel, and extend it 
‘beyond: the last: splash point.» This results in a visual 
search of an area not entered by the prey. The escape 
behavior combines the traits of both single erratic and mult- 
iple lure protean displays (Humphries and Driver, 1970). 

The surface splashes provide the lure component, while the 
angular dart and abrupt stop provide the erratic component. 
Hemmings (1966) gives an account of a similar effect pro- 
duced by silver colored fishes as they repeatedly change 
their orientation in the water; this behavior produces a 
confusing array of erratic: flashes, of reflectedysunlight. 
The effectiveness of this escape behavior, of juvenile 
northern pike, is evidenced by the aptness of adults to 


terminate a predatory attempt with the occurrence of the 


behavior. 
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The second escape response occurs when juvenile northern 
pike aececu the presence: ofvan adult ‘observing them within 
aeaistance OF 055 m.. Unlike any other prey £ish, the 
juvenile northern pike does not flee, but turns slowly to 
face the adult. Presumably this allows the juvenile to 
detect any predatory intention movements of the adult. The 
tus 2s Mediated py the fins Only, with the body held 
Seraight. —1ne speed or turning seems sufficiently low to 

mevent the release of an immediate. predatory response by 
the adult. The slow backing away component of the act does 
not stimulate the predator to action either. Humphries and 
Dervexr (1970) note ‘that. fusiform fish sre most difficult to 
see when viewed along the antero-posterior axis. This could 
suggest that the orientation of the juvenile sufficiently 
alters £he perception’ Of iat by che adult ito allow the slow 
backing up to occur. Once the juvenile has reached aquatic 
vegetation the sudden dart occurs. Vegetation would likely 
break up the image of the fleeing prey, and so make its 


progress difficult to follow. 


These two escape behaviors, coupled with avoidance of 
adults by juveniles, could be the basic reasons for the low 
levels of cannibalism existing in most populations of 


northern pike. 
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“Seo Social Facilitation in Predation ° 


Northern pikel were found to be stimulated to activity 
by observing conspecifics engaged in predatory acts. The 
behavior pattern displayed by the second individual involves 
accelerated swimming in the same general area as the perp- 
StckatOr Of the act. Similarity in the behaviors: of the two 
individuals indicates the operation of a type of social fac- 
ilitation. Hinde (1966) describes social facilitation as, 
“the performance of a pattern of behavior, already in an. 
individual's repertoire, as a consequence of the performance 
GEvthe same behavior by cther individuals.” Social facilit- 
ation during feeding activity has been documented for sunfish 
(Allee, 1951), sharks (Springer, 1967), guppies (Tatsumi, 
1972), and numerous other vertebrates. Visual stimuli alone 
are sufficient to elicit this behavior in northern pike. 
Frost and Kipling (1967) report a case of attempted food 
robbing between northern pike fry, presumably stimulated by 
visual detection of the original predatory act. During the 
present’ study two ‘incidents of a similar. nature occurred 
between 10 cm northern pike held in aquaria. Tatsumi (1972) 
proposes two causes for social facilitation during feeding. 
Firstly, the "presence recognition effect", resulting from 
the recognition of the existence of a companion. Secondly, 
the "feeding recognition effect", resulting from the recog- 
nition of feeding behavior by a companion. Northern pike 
react significantly more often to conspecifics engaged in 


predatory activities, than to individuals engaged in 
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nonfeeding activities (p<0.001). -Thus it appears that a 
stimulus pattern similar to the "feeding behavior recognition 
effect" (Tatsumi, 1972) elicits the response in northern 


pike. 


mntnaturalirsituationswysuchs feedingafacititation:_ may 
enhance the utilization of abundant food resources by 
normally solitary northern pike. The work of Ivanova (1969) 
eceumenus Ene vCccurrence Of this: phenomenon in ‘the Rybinsk 
Reservoir. She states that in certain years northern pike 
form temporary feeding congregations on the spawning grounds 
of a particularly abundant prey species. She also notes 
thatouwhen, prey ,areemore evenly distributed, «northern: pike 


aressolitary in) their feeding habits: 


6. » Predatory Behavior of Juveniles 


The predatory behavior of juvenile northern pike in- 
cludes most of the salient components of adult predatory 
behavior. Stalking, appraising, lunging, and pursuing 
BORpee ne are shown by juvenile northern pike, albeit in a 
less refined form. The contention that these behaviors 
become perfected through experience is also held by Braun 
(1963). .He states that the predatory skill of juvenile 
northern pike is lower than that of adults... Data show that 
the predatory success rate realized by juveniles is equal to 
that of adults. This is made possible by the rudimentary 


nature of the antipredator behaviors of young prey fish. 
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Popova (1967) states that "when the young of commercial fish 
are reared artificially in ponds, they almost never come 
into contact with predacious fish, and so lack the predator 
reflex." This may explain, in part, the advantage gained by 
early spring spawning of northern pike. The young predators 
are switching from planktivorous to piscivorous habits 
precisely when the fry of later spawning forage fish are 


abundant and available. 


The predatory act of juveniles does not have the 
mechanical nature of the adult predatory act. Juvenile 
northern pike often pause and turn while carrying out 
predation, where as adults tend to move in straight paths 
once the act has been initiated. Frost and Kipling (1967) 
state that young northern pike stalk, flex, and strike’ at 
prey, as was similarly observed in the present study. In 
addition, observations show that juveniles also carry out 
uninterrupted rushes at nonfleeing prey. The distance from 
which these rushes occurred (3.0 to 3.5 m) indicate that the 
detection of prey is likely visual. The tendency of juven- 
idles Eo continue to rush at stationary prey, without slow- 
ing, is’ in direct, contrast to actions of adults in simitar 
situations. Present findings, along with those of Frost and 
Kipling (1967), show that juveniles will strike at prey from 
various angles both above and below. This behavior too is 
in contrast. to that of adults, which generally strike at 


prey on the same plane as themselves. 
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The general conclusion gained from these brief 
observations is that to maintain the level of success 
observed, the ontogeny of predatory. behavior of juvenile 
northern pike must accompany the development of antipredator 


behaviors by prey species. 
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C. Social Behavior 
RESULTS 


During the course of the study 1140 interactions bet- 
ween adult northern pike were observed. In some cases inter- 
actions produced no visible alterations of immediate 
behavior, and thus appeared to be neutral in nature. [In 
other situations aggressive displays or avoidance reactions 
resulted from interactions which were taken to be of an 
agonistic nature. An additional portion of the interactions 
took on the form of positive interactions (ie. when fish 


tended to remain near one another). 


Ae social interaction, for sthe purposes: of this. study, 
was defined as any encounter between two northern pike in 
which both participants were aware of one another's presence. 
in addition, £ish were required tov berseparate from one 
another for a period of at least five minutes before a 
second encounter between the same two fish was termed a new 


interaction. 


1. Neutral Interactions 


Neutral interactions usually occurred when two fish were 
moving in opposite aarectadneh and passed parallel to one 
another. In these situations no positive or negative reac- 
tion could be detected in either fish. Neutral interactions 


were observed to occur in approximately 22% of the 
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interactions in 1973, and in 62% of the interactions in 1974. 
The observed frequency was significantly higher in 1974 than 


inelI7s. (p<0.01, Table: 20). 


2. Agonistic Interactions 


Agonistic interactions between northern pike fell into 
two general categories. Firstly, interactions in which one 
OCfEVENG participants carried out an aggressive display. 
Secondly, interactions in which one of the participants 
exhibited an avoidance veaeuiion. even though no display had 
occurred. | in the first case; behavior following the display 
had a variety of forms depending upon the display situation 
and the individuals involved. Agonistic interactions arose 
in 19.5% to 61.0% of the observed interactions (Table 21). 
The agonistic interactions were composed of approximately 
50% display situations and 50% nondisplay situations. 

Overt aggression, in the form Of physical attack, ‘between 
northern pike was absent during this study. On one occasion 
the suggestion of attack in the form of pursuit was observed. 
This situation developed when two northern pike attempted 
simultaneously to capture the same prey fish, which had been 


artificially presented - 


Northern pike held for observation never developed 


wounds which could be attributed to intraspecific fighting. 
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Year 


LYAZ 


1974 


21. Comparison of agonistic interactions between 
northern pike in 1973 and 1974. Percent 
Values -in -brackets indicate )proportion-of 
interactions which resulted in specified 
behavior. 

Number of Number of Total 

Nondisplay Agonistic Number of mota+s 
Agonistic Display Agonistic Number of 
interacti ons.-Interack ions -bnteracti ons. Interactions 


43 (30.5%) 43 (30.5%) 86 (61.0%) 141 
iy Vv V 
V V Vv 
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V- Indicates significant difference at 1% level. 
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ae Description or agonistics displays 


References to agonistic displays of northern pike have 
been made previously in the literature, the most notable 
being those of Svardson (1948), Fabricius and Gustafson 
(1958), and Frost and Kipling (1967). However, as in most 
works on the behavior of this species, the first two studies 
deal with reproductive behavior; the third study deals with 
the behavior of northern pike fry in aquaria. Postspawning, 
adult northern pike did display a repertoire of agonistic 
displays, which were examined during this study. Displays, 
having the same form as those used during agonistic inter- 
acer1ons, Occurred, in, the absence, of conspecifics; and. pos— 
sibly functioned as displacement activities. Where applic- 


able these cases will be included in the present discussion. 


Branchiostegal display 


Branchiostegal display was the type most frequently 
employed by northern pike during agonistic interactions. 
Fabricius and Gustafson (1958) report its occurrence between 
adult male northern pike encountering one another on the 


spawning grounds. 


A branchiostegal display involved opening of the mouth, 
lateral flaring of the gill covers, and a downward expansion 
of the gular region. The opercula were involved together 


with the branchiostegal rays, which were flexed downward 
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and outward, thus stretching the branchiostegal membranes. 
The display occurred as a single event, or in a sequence of 
two or “three "displays (very rarely four). “In single “displays 
the mouth was opened and the gill covers were flared to ap- 
proximately 25% to 30% of the maximum, and the gular region 
was only slightly expanded. When a sequence was given, the 
initial display was similar to a single one. The second 
display was of moderate intensity, with all expansion in the 
head region developing to approximately 50% of the maximum. 
“The third display was of high intensity, with maximum expan- 
Siow ‘occurring.’ “Lf a £ourth display “occurred -it)was “of ‘sim- 
Blar rmnitensity tothe -third’. 9*The normal sequence; “involving 
three units, required erghtiseo ten ‘seconds to complete’, with 
each gape requiring between one second (low intensity) to 
three seconds (high intensity). A short pause of one to one 


and a half seconds occurred between each gape in a sequence. 


Fabricius and Gustafson (1958) report that slow forward 
Griding may “Cccur during’ this displays in the present 
study northern pike always ceased forward movement with the 
initiation of 2a branchiostegal display. At the point of 
maximal mouth and gill cover opening, fish occasionally 
moved slightly backwards. This may result from the rapid 
erection and forward movement of the paired fins, which 


Fabricius and Gustafson (1958)? observed only during high 


A Used slow motion photography to examine behaviors. 
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intensity display. The fin erection and back arching repor- 
ted by these workers were not observed in the present study, 
possibly because of the position of the observer in relation 
to the fish. In most cases it appeared that the paired fins 
ected Only in Sstablization during the display. It is also 
possible that flaring of the opercula could have produced 

a forward-directed force causing the backward movement of 


the displayer. 


In approximately 80% of the displays observed, the 
displaying fish was positioned in front or slightly to the 
SL1aec, Of Ehe recipient. Ther disphayer usually faced away 
from the recipient on an angle. This orientation allowed 
the exposed gills to be fully viewed by the recipient. 

The gills appeared as highly visible, bright red areas” on 
a background of white, provided by the light inner surfaces 
of the gill covers. In some cases the displaying fish was 
situated behind the recipient, but a portion of these dis- 
plays may have been visible to the other fish due to the 


wide visual field of northern pike. 


During the study 157 branchiostegal displays were .obser- 
ved (Table 22), of which 110 (70%) were given during agon- 
istic interactions. The remaining 47 (30%) were given in the 
absence of any conspecifics. The major portion, 41 of these 
47, were displays which occurred with no apparent external 


stimuli evident. These were similar in form to those 
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displays given during interactions. The remaining 6 of the 


47 occurred following unsuccessful predatory attempts. 


Snapping display 


snapping display, as well as all other displays, had 
a much lower frequency of occurrence than branchiostegal 
display during agonistic interactions. Snapping display is 
not mentioned in the literature, except for the reports of 
rare cases of nipping between males while spawning (McNamara, 
1937; Fabricius and Gustafson, 1958). The snapping display, 
unlike nipping was never directed toward the opponent, but 
occurred with the displayer parallel or perpendicular to the 


second fish. 


This display consisted of a series, of very rapid, minor 
mouth openings and closings; a series contained between 10 
and 20 repetitions. The length of a series was variable, 
with a display rate of approximately 4 or 5 snaps per second. 
The distance the mouth was opened - approximately 25% of the 
maximum gape - remained constant throughout the display 
sequence. The gill covers did not appear to be flared during 
this-display -“*Prior*to-the display the northern pike wade 
usually stationary or cruising slowly. With the inception 
of snapping the displayer accelerated rapidly, in open water, 
approaching burst speed. With termination of snapping the 


locomotory movements also ceased, and the displayer glided 
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passively to a halt. When this display was performed during 
an intraspecific interaction, the direction of travel of the 
displayer was either away from or across in front of the 
recipient. The path of travel was observed to be along an 
arc in most cases, which may be attributed to the confining 
effects of the observation area. The most visible portion 
of the display was the rapid snapping of the mouth, partic- 
ularly when the fish was traveling across in front of the 


viewer. 


During the study, 39 separate snapping display sequences 
were observed (Table 22), of these 12 (31%) were given 
during agonistic interactions. The largest portion, 19 
(49%) , occurred in the absence of other northern pike, with 
no external stimuli apparent. The remaining 8 (20%) occurred 


following unsuccessful ,vedatory attempts. 


Body wag display 


The body wag display was observed infrequently during 
interactions between northern pike. Swardson (1948) refers 
to a "synchronous swimming standstill" occurring between 
males and females during the spawning act of northern pike. 
This may be somewhat similar in general form to the body wag 


display observed during the present study. 


This display consisted of a series of exaggerated caran- 


giform swimming movements carried out by a stationary fish. 
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During these movements the displayer held the anterior por- 
tion of its body several centimeters lower than the poster- 
ior. As swimming movements were initiated, the pectoral fins 
were ventrolaterally projected and rotated to the vertical 
plane, and then began to beat weakly forward. The swimming 
motions of the trunk were accentuated by their abnormally 
high amplitude and low frequency. Very little lateral head 
movement resulted, suggesting that a minimum of propulsive 
force was generated by the body undulations. A body wag 
display consisted of from two to four complete swimming cycles 
(a cycle being movement of the tail across the midline to one 
Side and then fue wares across the midline to the starting 
position). Each cycle required approximately two to three 
seconds to complete. In most cases the recipient was located 
lateral to and slightly deeper than the displayer. Following 
termination of the body wag, the displayer usually moved 
slowly away from the area of interact ton,, using normal 


locomotory movements. 


Of the 22 body wag displays observed, only eight (36%) 
occurred during agonistic interactions. The major portion, 
13 (59%), were given by solitary northern pike .in the absence 
of any apparent external stimuli. The display was observed 


only once following an unsuccessful predatory attempt. 
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Belly flash display 


This display occurred very seldom, and was employed by 
only two fish during the study. No references to this type 
of display are given in the works on spawning or fry behavior 

of northern pike. 

~'PHistdisplay was only performed in open water areas. 
When used during agonistic interactions it was conducted 
in front of or lateral to the recipient. The displaying 
fish, which was stationary or moving slowly, initiated the 
sequence near the water surface. Acceleration to moderate 
swimming speed occurred parallel to the surface. The 
displayer then veered sharply downward on an angle of approx- 
imately 45°, and accelerated to near burst speed. The path 
of travel became parallel to the substratum approximately 
OF05-26050'. VO'm rom "it. **At Sthivs spoimnttche fish trolled -to 
its side. Forward movement continued as the ventral surface 
was ‘briefly presented toward the recipient. The presentation 
occurred one or two times during a single display, with each 
presentation lasting approximately 0.50 to 0.75 seconds. 
After the last presentation the displayer veered upward, and 
slowed as it approached the surface. On two occasions 
several Winters mouth snaps occurred subsequent to the belly 
flash display. The most striking feature of this display 
he the brief flash of white from the light underside of the 


fish: 
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Belly flash displays were observed eight times during 
the study; with six of these displays occurring in the pres- 
ence of conspecifics. The remaining two displays were given 
by solitary fish, and no displays were observed in relation 


to frustrated predatory attempts. 


Head shake display 


Head shaking was the least frequently observed agonistic 
display used by northern pike. Fabricius and Gustafson 
(1958) report "repulsive head shaking" by unripe female 
northern pike when approached by courting males on the spawn- 


ing grounds. 


As in most other agonistic displays, the head shake 
occurred beside or in front of the recipient fish. The 
displayer usually held its body parallel or perpendicular 
to the opponent's head. The displaying fish then swung the 
anterior third of its body violently from side to side. The 
head was moved in a complete arc from one side to the other, 
and did not stop at the midline as it did during prey 
turning movements. Display duration was approximately two 
to three seconds, with the head completing five to ten arcs 


try-Eh re Sbime. 


Of the five head shake displays observed, four were 
conducted during agonistic interactions. The remaining one 


was given by a solitary fish. 
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Gulping 


Another activity carried on by northern pike was surface 
gulping. It was unclear whether or not this maneuver func- 
EsOneccdsasvan agonistic display. Lt did occur at very’ low 
levels during intraspecific interactions, but appeared 
to lacksanye specific KZecipiient-orientation’ component. Hence, 
it was not, included as an agonistic: display, but will -be 


described for the purpose of documentation. 


At the onset of a gulping act the northern pike was 
always deep in the water column. The fish swam slowly 
forward, rising gradually to the surface. As the surface 
was reached the jaws of the fish were opened partially and 
pushed above the surface. The head described a small arc 
outyofethe water, pfandareturnedawith an audible plop. The 
fish then continued forward, for 1075 Coerss maparaliel “to 
the water surface. Next, the fish angled downward in a 
shallow dive, and swam slowly toward the bottom. Ata 
variable distance from the surface (usually about half way 
to the bottom) a stream of air bubbles escaped from the gill 
chamber on either side of the head. The fish usually con- 


tinued swimming slowly forward near the substratum following 


thissact. 


Gulping acts were observed 10 times during the study, 
withuchree» (30%)-oceurring withine-sighb of«conspeci fics...) §n 


all of these cases the displaying fish showed no intrest in 
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the second individual. Of the remaining acts, six (60%) 
were given by solitary fish, and a single act was observed 


to occur following an unsuccessful predatory attempt. 


b. Nondisplay agonistic interactions 


The second type of agonistic interactions were those 

in which two fish showed differing tendencies to remain in 
the area of encounter. This situation arose when two fish 
met one another, the result being the departure of one 

fish while the other remained. In no case was any form of 
tnreat behavior "observed to occur. © The individual moving 
away usually traveled slowly, and flight from the area was 
never observed. It appeared that these situations represen- 
ted low level agonistic interactions, and may have performed 


a function in spacing of individuals. 


c. Quantitative «analysis: offagonistic) behavior 


1973 and 1974 levels 


From Table 21 it is apparent that the levels of aggres- 
sion, as indicated by the frequencies with which interactions 
tookton an agonistic nature, siwere’ much higher eiaieho75 tthan 
in 1974. The frequencies of all types of interactions com- 
bined in 1973 were much lower than in 1974, with 0.96 and 
1.68 interactions per hour per fish occurring respectively. 
However, the percentage of interactions resulting in agonis- 


tic behavior was significantly higher in 1973 (61%) than in 
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1974 (19.5%) (p<0.01). Agonistic displays and avoidance 
reactions, examined separately, were both significantly 
higner in the .fivst .ears(p 0.0L)... This .paradox appears to 
be, related to the levels of activity and predation extant 
in the two,study fish: populations. This “situation willbe 


examined separately. 


Male and female aggression 


During this study no general, basic differences in the 
behavior of male and female northern pike were evident. 
Levels of agonistic displaying were used as an indication 
of the aggressiveness of each sex. In both years the per- 
Cent Of sinteractions resulting, in agonistic display was 
very similar for males and females (Table 23). In neither 


year was the difference significant. 


Nondisplay agonistic interactions were also examined 
inyuelation“to the sex of ‘the £ish involved. In this situ- 
ation neither fish appears to indicate overt aggressiveness 
tosthe othersby any specific act. However, it is —possible 
that one sex may tend to show greater avoidance than the 
other. In 1973 neither sex showed a greater tendency to 
leave during nondisplay agonistic interactions (p>0.05, 
Table 24). In 1974 alee tended to leave the area with 
significantly greater frequency than females (p<0.05). 

This difference may relate to some general dissimilarity 


between the sexes in 1974. 
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Table 23. Comparison of female and male northern pike 
display rates in 1973 and 1974. Values 
indicate number of times particular situa- 
tion was observed. Differences tested for 
Significance at the 5% level by Chi-square 
for independence. 


Female Female Male Male 
weal; Displays interactions Displays mntveractGlons 
1:97 3: 26 136 aby] 103 
(% Display = 19.1) (% Display = 16.5) 
1974 21 51 66 1.390 
(% Display = 6.1) P (% Display = 4.7) 
} -— Indicates no Significant difference at 5% levez 


Table 24. Comparison of tendencies of female and male 
northern pike tovleave Ehe area following 
interactions without displays. Differences 
tested for significance by Chi-square for 


independence. 
Females Female Males Male 
Year Leave Interactions Leave Interactions 
1973. 23 110 20 86 
(% Leave = 20.9) { (% Leave = 23.3) 
1974 tak 480 87 1324 
(% Leave = 2.9) GK (% Leave = 6.5) 


<< - Indicates significant difference at 1% level. 
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Fish size and aggression 


The relative sizes of northern pike involved in interac- 
tions were examined. This was done to determine if the 
Size of an individual dictated the levels of aggression it 
would show during interactions with larger and smaller fish. 
The fish studied were ranked according to a size value 
obtained from the formula = Length x Weight/i0,000. This 
provided, an estimate of the bulk-of an individual rather 


than just a length or weight value. 


The-Lléevels-of- agonistie displaying <carried-on-.by-all 
fish were analysed according to the relative sizes of the 
displayers and vedi piet™ (Table 25). In 1973 the average 
display frequencies, of the smaller and larger fish involved 
in interactions, were 19.4% and 24.5% respectively (Table 
25). The difference between these display levels was not 
significant (p>0.05). Similarly, in 1974 the display rates 
of smaller and larger fish, 4.8% and 6.0% respectively, 


were not significantly different. 


The tendency of the displayer to leave the aréa of 
interaction was also examined in relation to the relative 
sizes of displayer and recipient. In both years there was 
no signaficant difference (p>0.20) between the tendencies of 


larger and smaller displayers to leave the area (Table 26). 
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Table 25. 


Outcome 
of inter 


Percent 


Summary of the number of agonistic displays 
given by northern pike to opponents which 
were, Larger OLvsmatler ini relative size. 
Relative  lsize, Obtained’ from the formula) - 
Length_x Weight / 10,000. Significance of 
differences tested, by Chi-square ) for 
independence. Abbreviations use: Inter = 
interaction, Disd = displayed to. 


Relative Size of Opponent 
L9I7s 1974 


Langer Smaller Larger Smaller 


Not Not Not Not 


DISC. DLsa Disdeae Dish eDESde Disa. Disd 'Disd 


4) 98 24 AS) 43 902 54 902 


UOaqer ad oh 20% an) 44 6% 


¢ —- Indicates no significant difference at 5% level. 
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In nondisplay agonistic situations, since aggression 
did not appear to be communicated by a ritualized act, it 
may be expected that some external characteristic would 
determine whether or not a fish was avoided by a conspecific. 
Using the same size ranking classification, the nondisplay 
agonistic interactions were examined (Table 27). In 1973 
the smaller fish involved in this type of interaction 
tended to show avoidance in 70% of the cases, which was 
Significantly greater’than Ehat shown by the larger fish 
(p<0701, Table 27). In 1974 the situation was similar, 
with the smaller fish leaving in 59% of the interactions 
Of this®sort. This difference wassalsocsignificant (p<0.05, 
Table 27). The effect of size on the nondisplay agonistic 
interactions may help to explain the differences which 
appeared between males and females in 1974 during these 
interactionssjsin 1974 -acwader rangéesofifishesizesiwere \useéed, 
with females tending to be larger relative to males than in 
1973. Thus the smaller relative size of males in 1974 may 
account for their higher tendency to leave the area: of inter- 


action. 


Consistency of agonistic displays 


Although aggression, as measured by the frequency of 
agonistic displays, was higher in 1973, the types of displays 
employed were very similar in both years. In relation to the 
total displays given in each year, the levels of branchi- 


ostegal, snapping, and body wag displays used were similar 


oo A Laeasyee “onake peaok soos: : Bk al OOS ¢ 
$i- he poatienses, ‘s by sebecinammod 3 
bLLOW aidabodogeada “tense dee Seok y 


Phe asl aban ei ae 
pithvomenas) oe get pots bees tire “s: pak 


ys s1dexneon ait aa 
exeL me- ot Vive: keen Sontuaica 


sot sosyesnt 20 ened aut abe . 2 
‘ gew tol ut "<aetioa Ie 36 se Oe mk coer oF! 


ioe ole A iced 


fake. sepa ede at avert uta ieeareks 
of 6 fet, 
clinka aay pviseuctie ott BveL om 
riplrades: edt to xe ae priv 


20.058) “3 Aeolabants eels asw 


sitalimors yslgaibaoe 267 cto ears fo: 


saads eniaub even ‘e sctiio ero ‘“ at “rl 

Seen ozow amate, eae 30 omy se6tw 006 a LO, 
ni ects aaa “ev itatiea daprtal 2 ‘ a | 
yaw ST es as ad lam Xe “ony igeter 2 selene ae, eutt é vet 


“setae 20 core oid ounet at qonsbacs xeitels xtedd 302 2nv0998- 


% 


23 yonounrss. oa ce hexuesom rs _ppbaestpps dowotsift + 
mysigeih 20. eoaye att SSPE, et tarfcid aBw -ayelantb ate toops 
ed o2 tgales at nasy dod it ict, ki bse ene ain boyolqms 
+ifionsad Zo -atewells rere gus (fone “ort ‘nebes ‘evel qed {sio3 


aclimie staw beay ageiqeth paw bodies , piieqene ispases 


~ A ol » = ; m~, ; 
SS ae Py < ee ee 7. 


Table 26. Summary of agonistic display interactions between 
northern pike, and the tendancy of the displayer 
to leave when opponent is larger or smaller in 
relative size. Chi-squared for independence ap- 
Plied. Abbreviations used: St = stays, Le = 
leaves. Values indicate number of times the 
specific behavior was observed to occur. 


Relative size of Opponent 


L973 1974 
Larger Smaller Larger Smaller 
Sie Le Sit Le Sie Le Sit Le 
Behavior of 
Displayer 1 kid: 2 5 5 22 10 ae 


Percent 9270 rep. 71% Soy 69% 


¥ - Indicates no significant difference at 5% level. 


Table 27... Summary Of nondrspley agonistic anteractions, and 
the tendency of a northern pike to leave the area 
when opponent is larger or smaller in relative 
Size. Chi-square test for independence applied. 
Abbreviations: same as in Table 26. Values 
indicate number of times specified reaction 
occurred. 


Relative Size of Opponent 


1973 1974 
Larger Smaller Larger Smaller 
Sic Le Sie Le Se Le Sie Le 
Behavior of 
First Fish 13 30 30 3 40 58 58 40 
Percent 10%. sie? 30% 59% > 41% 


>> - Indicates significant difference at 1% level. 


> = Indicates significant difference at 5% level. 
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in 1973 and 1974 (Table 22). The two new displays employed 
in 1974, head shake and belly flash, occurred at such tag 
levels that it was statistically possible that neither 
would have been seen in 1973. The various types of displays 
did not appear to require different types of stimuli to 
trigger their occurrence. The different types of displays 
did not appear to represent different levels of threat. 

This was suggested, since in a year when agonistic displays 
occurred more frequently. (1973), the proportions of the 
various displays employed did not differ significantly from 
the proportions observed in a year with lower levels of 
agonistic behavior (1974). It is possible that subtle dif- 
ZErences Existed between che attitudes and intensities "of 
the displays given in each year, and that these were not 
detected. Refinement of observation techniques (ie. slow 
motion photography) may be required to elucidate differences 


between displays which superficially appear similar. 


Effects of agonistic displays 


The five agonistic displays employed by northern pike 
Gid mot appear jeOsdiffer in their lerftects (on ene ouccomne (of 
aggressive interactions. The post-display behavior of both 
displayer and recipient was variable, thus reducing predict- 
abilitw of whe outcome. Due to this variabilivysasclear pat— 
tern of dominant-subordinate relationships was not apparent 


for this species. Recipients of agonistic displays were 
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never -Oobserved-to flee "from -thevarea tof interaction}: ‘nor 
did they assume any obvious appeasement postures suggestive 
of subordinance. The most extreme result of agonistic 
displays was slow movement by one of the participants away 


from the area of interaction. 


The outcomes of agonistic display interactions could be 
grouped into three main categories. Firstly, cases in 
which one of the participants showed a higher tendency to 
feave the area of interaction. This category could be: further 
subdivided as to which fish remained and which fish left. 
Secondly, cases in which neither fish showed a differential 
in the tendency to leave or remain. This category contained 
the CcasesSoin which both) fish leery the area, plus those cases 
fnewhich wboch. fish remained, anithe sarea. Thirdly, those’ rare 
cases in which the participants performed some mutual or 


positive social activity together following a display. 


There was a high degree of similarity between 1973 and 
1974 in most of the possible outcomes of agonistic display 
Situations. In 1973, the displayer left the area of inter- 
action in 37% of the cases, while the recipient left in 7% 
(Table 20). In 1974, the displayer left in 45% of the inter- 
actions, and recipients left in 16%. In both years the 
displaying fish tended to leave significantly more often 
than the recipient (p<0.01). Comparing each of the four 


categories, under agonistic displays (Table 20), between 


x ; Th : es 4 : 
} a 


2Or angagseatad, 3s Se: S85 : 
avi jasper ua sqkoseod., tnomseseetas. ax : | 


sidepnopa Zo aiuess somite. seom oe pa eaAge " 
we) Base ponies oid. te eho. to, seein Sh ate, x8 c 
| ee as ao 


' - 


act biuc “ meet eeeerny ‘casaleia ‘ote naoele de 
fal aauAL giae: ey } pe ttauesen, subi, souls. egn8 

are : ‘ J ees aa ; : 

as Reape Sey. pt Be Bevaria esosgiotsaag a = ik 


seds-rur od Bibe “3 ygopeaen, alt -nobsosseaieg Ae sa Bee 
thei : uth, dong bite bomb ems. ‘eda soiay steht 28) 


. 


ska yaeRith S boworde edd xarivivn oie at i peieaitee oxi 
= he Pa 


Ae ne at nie 


" tietaas rowedse 2 kit -s38a9% x0 evaal ot _sgeobea) e- 7, 
none eBags eutg, 50n8 pats ee ten Re fordw waee E 
. r 


= s Wie ne i 
S16x aeon $ cub bates aan asf} , benbemeg Ae fied gt 
to Cachenm ange bonxo3 194, ee! ett abt gi: 
ey 
: -ysiqaua® & palwoltes, satan anche, Letooe vit 
a | ; r ; 4 7 as 


cer nooweted yatisliaté ac. soxpeb dei, 6 26w oxo ia 


ue qakb okra haogs 40) sounosiio aidzesog ads 20 sem ah: ‘esete 
: : a a y 


~Iab Ao AoxE oad sted " yaifetere 2b ottt tret ar’ acok tense 


= he 


yo at diet teedqksey eid elidw ,seneo edt 30 ava “ail ne 


eset oft 46°R28 a2 disd reysioa rb Es ed et ar (0s olde) 
eft szeeg dod ‘al eat mz aiel odnelatses bres (ene8338 
iodko. axoat choi dade syaet o+ bebme2 fai2’ pnktetqeatS 


shot sce to “aoee pangs ~ tio, Opa)’ tnSidios: adit asd 
ey, Boeweed ., (05 > idem abelgazt nite tages ban peorzopesam 


i 


1973 and 1974 indicates that there was no significant dif- 


ference between the levels in any single case (p>0.15). 


3. Positive Interactions 


Northern pike did enter into very simple positive inter- 
actions with one another, and these appeared to have a mutu- 
ally beneficial value. he interactions did not occur 
solely by chance, since on several occasions individuals 
attempted to facilitate interactions by following conspe- 
cifics. Parallel swimming was the usual activity adopted 
during these interactions. On occasions parallel swimming 
terminated with the participants remaining near one another 
for extended periods. During these interactions individuals 
physically contacted each other frequently. Contact occurred 
along the sides of the fish while they were swimming or 
Stationary.  AnoLhenr form tor concacteinvolved ons participant 
placing its lower jaw region on the dorsal surface of the 
Other fish. No aggressive responses ever developed during 
these positive interactions. The levels of positive inter- 
action were low and virtually identical in both years of the 


study (Table 20). 
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4. Social Structure 


Although northern pike tended to be solitary in ENneie 
habits, they did interact with one another in the manners 
described. The absence of attack and the use of ritualized 
displays during intraspecific interactions suggested the 


existence of a social framework. 


Dominance relationships 


Agonistic interactions, in some cases, suggested that 
superficial dominant-subordinate relationships existed 
between certain northern pike observed. These relationships 
did not fall into a clear hierarchical pattern, since 
individuals would assume the role of dominant, subordinate, 
or equal ina series of interactions with one other northern 
pike. Only in a very few cases could a consistent pattern 


of social relationships between two individuals be discerned. 


The size of fish did not effect their tendency to give 
agonist?tetdisplays, -Or there»tendéency to-leave-atter dis— 
playing] As©stated>-size*was a'factor” in nondisplay agenis— 
tic interactions, where larger individuals were avoided most 
frequently. Sex-related dominance characteristics appeared 
to be a result of size differences only, and therefore were 


not actually sex-related. 


Examination of relationships between specific individuals 
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did suggest that a type of dominant-subordinate association 


could develop between northern pike in confinement. 


The relationship which developed between fish MPl and 
fish JPi during observations in 1973 represented the most 
stable social relationship observed. JPl was the smaller 
£fish,-and tended to avoid interactions with most other 
northern pike. The relationship between these two fish 
became apparent when MPl was removed from the observation 
area, ane JP was seen tocincrease, ts, activity... The, posi- 
tions of these fish at the beginning and end of the observa- 
tion periods were used to determine the areas used most 
frequently. MP1 ranged widely over the.lower half of the 
observation channel (Figure 20). This fish was removed 
between the 26 and 27 observation pericds. JPl was present 
from the 8 to the 26 observation period together with MPl 
(Figure 21). During this time JPl spent much time within 
the general range of MPl. However, JP1l avoided interactions 
With oOthér fish by remaining inactive for extended periods 
in the weed bed on the bottom of the lower pool (Table 28). 
Following the removal of MP1, the habits of JP1 changed, 
so that this fish was observed outside the weed bed 40% more 
often (Figure 22 and Table 28). This type of situation might 
not have developed to such an extent in free-ranging northern 
pike. However, the upper half of the observation area was 
used to a lesser extent than the lower half, yet JPl never 


showed a tendency to restrict its activities to that area. 
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Table. 920, The location of fish JP1 in the observation area 
at the begining and end of observation periods, 
with fish MPl present and absent. Values indic- 
number of times JPl observed in specified area. 


Observation DOCatELOn CL “JPL 
Periods 
Lo73 In pool bottom Outside pool 
vegetation bottom vegetation 
Sh ee PAS) 8 (50%) 8 (50%) 
MPy present 
Wh /N\ 
2IKtO-33 
MP1 absent 1 (10%) 9 (90%) 


v- Indicates significant difference at the 10% level. 


Table 29. Summary of temporary site attachments developed 
by northern pike in the observation area. To 
qualify the site attachment must be at least 
three days in duration. Size of area given in 
SQduare merersc. 


Area Size Dates of Days 

Fish Coordinates* of Area Occupation Duration 
1973 

JP1 KOLO O3/ 7 Co, 42 ats Uy) a oe Ie Sal: 
JJPL JecOePsLs Orns Sie) PUG 25° =—"Aug 28 5 
Rr BLO Dis42 “Co 52 Phe Vuay D> . — duly ls 10 
1974 

Cc Neto Ps24 to Zé 1.4 une. = Wun. 12 14 
D B-cOmDeA2Z CO ok Ree: Wane 290 une: 2? es) 
B Ae COLee 4s “LO rou ras June ?27 = "July 3 yi 
B Rot O@s42- C0750 Jigs a iwi igs Es Pag: Uurby 2S <! 
W APCO ClTaZ CO OL Zou Vee es Cie 6 
F Nito-R23 5) £0 S59 Parsee) June LS) =i Juner2 0 5 
G H to Mz356. 50759 2ac May 28  - May 30 3 
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It appeared that the avoidance tendencies were strong enough 
to cause a restriction of activity, but not strong enough to 
cause emigration of JPl. For other northern pike the rela- 
tionship between individuals was not this clear, and mutual 


tolerance tended to prevail in most cases. 


Spatial relationships 


The observed system of space allocation employed by 
northern pike did not fit easily into the classical scheme 


of territories or home ranges. 


Northern pike were observed to spend a major portion of 
the daylight hours isolated from one another. This was a 
Zest sor several genecraw habucs Of this=species., “Firstly, 
the fish-remained inactive for extended periods in areas of 
Cover Or AqGuUaAEIC VeEgeLalion, pLuicsetreceively cutting oft 
Visual contact. Secondly, interactions with Conspecifics 
were sometimes avoided. Thirdly, agonistic displays were 
used in aggressive manners, which frequently terminated 
interactions. However, this solitary nature was variable 
and by no means absolute. As mentioned, northern pike were 
observed to interact with one another in positive manners, 
and at times appeared to exhibit appetence for these inter- 


actions. 
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Northern pike did not hold territories (in the classical 
sense); they usually ranged over the area showing no 
particular preference for a single territory. Individuals 
did develop what might be better termed temporary site 
attachments. These sites were specific areas which individ- 
uals tended to use repeatedly over a variable number of 
consecutive days. During periods of temporary site attach- 
ment fish also used other segments of the available habitat, 
but they tended to return more frequently to the temporary 
site than to any other area. The variability between 
individuals was large in this respect. The site attachments 
lasted from several days or weeks in the case of fish C 
(Figure 23), to a month in the case of fish JPl (Figure 21). 
Site attachment could cease abruptly, for no apparent reason. 
Fish might sthen idevelom a new. temporary site,’ or’ revert to 
generalimonpatternedi use so£. Ghetwhotevareca. = Infecontrast, 
certain individuals always displayed general use of a large 


area, as did fish MPl (Figure 20). 


Certain features were characteristic of temporary site 
attachment. 4 Firstly, sites were usually centered around 
structural: jirregularities’ in thei environment.. Logs protrud=- 
ing into the water, openings in aquatic vegetation beds, 
particular vegetation beds, bank indentations, and specific 
over-hanging riparian vegetation all seemed to serve as 
environmental reference points. Secondly, most temporary 


sites were associated with cover, so that residents were 


igotseaio-ads ey, courasinaes ‘pests 
“On gatwone, Beng ori agv0 

sisubjulbat ~wpoaesad ofgrs, 4 208 3579: 

sole yxeQoqaed | Bentiio:t, weise6 ed ore ten 

afte? ft st ait 2EoKs ouszotee arow notte 

Bt zoimutt oe idekusy: te ery vibsdaagor: aw 03 | 


dosass otto ebwogmd.s te sbarz9q pata” 
otras ai gach eve 10, 30 atngeeas stoiite pee y ened 


yt Sx segues 3 ada 62 yisneupedh oyomt nuded oft 
toowied Yost Lean aee oat | Be1s soido- he 
asnemcios3+4, etie ant ”.Ynegest aidy me eodet “eawid 
{daktotd Beso edt nk wlesy To aye, iexeres woah 

tis Santis ry) at abit 46: 9ac0 aay a preventer Bae eS\ 
AOR HSS Souqs ort rome. eioqumie sneha sacl ! 
of txaved to yeitites \dtexamed een &/ c eveb. Heid 
Jasxtaos wl: . sere efodw etd Ao. egy Tes 
se2sl & toSRt rosea sire ayewts visas ste 
=(0s. Sr) Sek sere Ble Gee 

} ‘i Po : y ners mie on 

othe quesdamed Wa) a hin ‘exow, don 395% Atndxed irae, 
cmubak Boxetis Yi feoee \gtaw eosien, yisastt = _daonstaeiae 

~harg tory ayo” eee. Sad nt esiteialupersi all 
Satu: Pig sesepov aataebe The apr Lasto , 1a26W add otat “pak 

972 Meta bine OE RRE wasd ,abed so lkstaEew: “asivat vee 

| vise oF beware Bee Poisesopey: we reqis. pnigiers 209 
visvodhe?s Jamm Pibpawess setatog aoaanetet fatnomrex Lp 


Tua 


eisw enSbtaee ret 08” geevo5 dtiw fossinoRas, oiaw. sasha 


) z 


243 


not in open view. Thirdly, fish were repeatedly observed to 
remain inactive for extended periods in these areas. 
Fourthly, the site was not actively defended by the resident 
fish, and intruders were usually tolerated. However, 
intrusions by conspecifics occurred seldom in most cases. 
Agonistic displaying by residents of temporary sites did 

no. Center aroundsthe-site....Fiftthly, .obviousscontests. for 
temporary sites never occurred. Sixthly, sites were not 
situated in relation to one another so as to apportion the 


available space into equal sized parcels. 


The cases of fish C and. D from. 1974 illustrate two 
levels of site.attachment observed .uring-the .study.., Fish 
C displayed the most obvious and consistent case of temp- 
oraryncite attachment; in,l9/4... Bron.dune 6.0.19: this 
individual showed a distinct preference for a ve:jetated area 
on the north .side.of thesmain.channelsof «the observation 
area (Figure 23). All of the observations, except one, of 
this fish within the 30% isopleth in Figure 23 were recorded 
between June 6 and 19. This site was associated with four 
Ssrald posts driven into the substrate in the form of a 
square, with the posts 0.3 m appart on a side. During daily 
observations, fish C was repeatedly observed to return to 
this spot, and pass through or remain inactive there for a 
period” of time. On four occasions fish C and fish, F met “in 
area of C's temporary site. In one case F left slowly 


while C remained, and in the other three cases both fish 
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left the area. In no case was aggression displayed by either 
fish. After June, 19, C stopped using this site, and was 


noted in that particular area only once thereafter. 


Fish D was frequently noted active and inactive in the 
area of the lower screen between June 25 to 27 (Figure 24). 
the -area used by D was larger than that used by C, and the 
Period of use was much shorter. Unlike C, D didi not use 
Gmepeciri Gc, smaLlisite Lor periods of inactivity, but rather 


used the general region near the lower screen. 


Including the two fish mentioned, seven cases of temp- 
Oorary Site attachment were observed in 1974, and three were 
observed in 1973 (Table 29). The size of the areas used 
and duration of use showed some variation between individ- 
uals, and also between sites used by one indivicual. The 


; : ' 2 
average size of these sites was approximately 2.1m. 


Range 


Realizing the inherent limitations of studying home 
range habits in a confined situation, some information per— 
taining to this aspect of northern pike behavior can be 


gleaned from other observations made during the study. 


Data obtained suggest that northern pike did restrict 
the size of the area over which they ranged. As mentioned, 


fish in both years were observed to be present in the lower 
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half of the observation area more often than in the upper 
half. (Table 30). The difference between the observed and 
expected use of the two areas was highly significant 
(p<O.01). What ever the specific reason for the preferential 
use of the lower area, this, does show-that northern pike did 
exhibit range restriction. These data also indicate that 
densities of fish used in the observation channel were 
probably not too different from those occurring in the 
natural environment. Fish were never observed to develop 
any specific paths of travel through the study area, except 
Zor, the general tendency to move in areas of cover. Regular 
patterns of patrolling specific areas were never observed. 
The general empression gained was that northern pike tended 
to move randomly throughout a limited area of preferred 
Habitat. A high degree of Overlap ormranges did exist, 
mainly in the lower portion of the observation area 

(ie. Figure 23 and 24). As’a result frequent interactions 
between individuals occurred. As described previously, the 
nature of these interactions was highly variable, and bore 


no relation to the specific area in which they occurred. 


Individuals showed day to day variations in the general 
area of the observation channel frequented. Fish that had 
temporary site attachments showed less variability of space 
utilization whenr7close.to their site. However, travel by 
these individuals in areas more than two or three meters away 


from the site again appeared to have no fixed pattern. 
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The total size of the area over which an individual 
traveled also showed day to day fluctuations. This was 
seemingly due to the level of activity on any particular 
day. The daily distance traveled by fish in 1973 ranged 
from a minimum of zero meters per hour to a maximum of 40 m 
per hour, averaged over the whole day. Individual fish 
showed differences in mean hourly distances traveled 
per day over the summer (Table 31), the average being approx- 
Btce Ly sorMeters per Nourse foOrertoh in 1973.. <In*a normal 
10 hour summer day this would give a northern pike a linear 
range of nearly 0.1 km, or a.circular range with a diameter 
GreeEtome zo LO 350m. These values Could bev increased iby as 
much as two times, since fish watched in 1974 were about 


twice as active as fish watched in 1973. 
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Table 30. Observed and expected use of upper and lower 
portions of observation area. Positions of 
all fish recorded at begining and end of 
daily observation periods. Expected use cal- 
culated from total area of habitat available 
in each portion of the channel, assuming no 
preferences existed. Values indicate number 
Of separate observations of fish in specified 
area. Chi-square for independence applied. 


Position of Fish in Observation Area 


Upper (35% total area) Lower (65% total area) 


Observed Expected Observed Expected 
year Use Use Use Use 
UOT 3 18 67 AGS 124 
1974 41 122 308 227 

Total 53S) ee 159 481 SS Sail 


>> - Indicates significant difference at 1% level. 


Table 31. Distances txaveled per hour per day by.northern 
pike observed in 1973. Values determined from 
tracing fish travel paths on scale map. 


Distances Traveled in Meters per Hour 


by Fish 
Category MP1 LF RT Jed JJP1 UL 
Average Gas fl BS) S25 Cr G29 6.9 
Maximum TRS FAY i WP 35.4 SIS 33.4 ASAE 
Minimum 0.0 O20 0.0 0.0 Oad 0.0 


Mean distance traveled by fish = 7.8 m/hour/day. 
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DISCUSSION 


Northern pike have been described as being solitary in 
their habits (Wich, 1958; Nursall, 1973). Leyhausen (1965) 
notes that field research concerned with the social behavior 
Of “such species, cutside of the breeding season, is rare. 
in situations where high densities of a solitary species 
develop, intraspecific interactions are inevitable: it seems 
imperative that solitary animals too require a social frame- 
work to dictate the actions of individuals when interactions 
occur. For predatory species a system of social behaviors, 
which ritualize aggressive acts and minimizes detrimental 
physical conflict,.would have distinct functional importance 
at high population densities (Lorenz, 1952). From field 
observations it is evident that northern pike are not 
spaced evenly throughout the available habitat, as would be 
expected if these fish showed only repulsion for one another. 
Leyhausen (1965) proposes that some centripetal tendencies 
must exist in populations of solitary species to cause 


individuals to retain contact with one another. 


Northern pike do interact with. one another, albeit at 
low freguencies. From observations made during the present 
etudy, it is apparent thatoa system of social guidelines: is 
followed during these interactions. This system is apparently 
functional in reducing detrimental fighting, since physical 
combat between individuals was absent from study fish 


populations. 
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Interactions between adult northern pike can be sep- 
arated into three general categories encompassing all cases 
observed. These are neutral interactions, agonistic inter- 
actions, and positive interactions. Agonistic behavior, 
because. of),its.greater,frequency,-and variability, is the 


major aspect of social behavior considered here. 


1. Neutral Interactions 


Interactions were considered to be neutral in nature, 
when individuals passed within four meters or less of each 
other, but showed no positive’ or negative reactions. It is 
possible that visual inspection and appraisal of conspecifics 
occurred in these cases, but because of the observational 
system employed ‘this was not detectable. Neutral inter- 
BEtCIONS are not ment co amply social sind trference, bur 
merely the failure of either individual to display overt 
dominant or subordinate cendencies. Collias (1944) suggests 
that subtle forms of aggressiveness can be shown by simple 
independence of action, while submissiveness can be shown 
by avoidance. These forms of béhavior seem to exist in 
neutral interactions of northern pike, as they do in those 
of free ranging cats (Leyhausen, 1965). lLeyhausen (1965) 
reports that frequently when; two cats meet ina neurralwarea 
(ie. hunting paths) neither individual displays dominance 
or subordinance, but each concedes some ground to facilitate 
unrestricted passage of the conspecific. Presumably, 


in a situation where a resource is not being directly 
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contested it is advantageous for both individuals to main- 
tain neutrality by displaying a level of tolerance. MOESe 
(1974) notes that the low number of overt aggressive inter- 
actions occurring in the wild suggest that mutual avoidance 


fulfills an important role in-niche partitioning. 


The ndture “Or “al’soeral=system 7s “dynamie “(Crodkiel1970) 4 
and the pattern of behavior employed during interactions is 
Sensrerve to -rmmdividual needs (Marler, 1956+ ‘Stokes; 81962) $ 
In 1974, 62% of the interactions between northern pike were 
néevtral-in* form, “whi le sine1973 “only 22% of sthe 4interactions 
were of this type. These data suggest that in the second 
year of the study, fish displayed far greater mutual toler- 
ance for one another. Food resources were lower in 1973 
than in 1974. Although other factors may also be involved, 
it appears that a changé in the availability of a population 
resource has affected a corresponding change in social 
behavior. Errington (1939) notes a decline in mutual toler- 
ance between muskrats under conditions of food shortage, 
Collias (1944) agrees that hunger is a potent factor helping 


to determine the degree of intragroup tolerance. 


On the basis of present findings it is apparent that 
mutual tolerance is a basic component of the social strategy 
Of northern pike. However, Levels of tolerance may be mod-— 
ified in relation to levels of resource availability. 


Findings of Ivanova (1969) lend support to this conclusion. 
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She found that northern pike become more solitary in their 


habits during times of low food availability. 


2. Agonistic Behavior 


Interactions between northern pike were classified as 
agonistic when an aggressive display or avoidance reaction 
occurred. Agonistic interaction levels appear to be invers- 
ely correlated with those of neutral interactions (Table 20). 
However, the proportions of display and nondisplay agonistic 
interactions remain approximately equal regardless of the 
total frequency of agonistic interactions (Table 20 and 21). 
Zack (1974) reports that in Hermissenda a change in overall 
proportions of interactions which are agonistic does not 
alter the pattern of agonistic behaviors employed. Overt 
Physicad violence doesunor appear mtco.bewa Characteristic, of 
the agonistic behavior of post-spawning northern pike, under 
natural conditions. This may suggest that levels of aggres- 
sion are lower during the nonbreeding season, since McNamara 
(1937) and Fabricius and Gustafson (1958) report observations 


of males of this species fighting on the spawning grounds. 


a. Description of Agonistic Displays 


In the present study northern pike employed six types 
of agonistic displays during intraspecific interactions. 
Svardson (1948) and Fabricius and Gustafson (1958) note 


the use of two types of displays by northern pike during 
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during spawning activities. Several of the displays occur 
infrequently in the absence of conspecifics; in these 
instances it seems that the displays fulfill a displacement 


function. 


Branchiostegal display 


This display consists of simultaneous mouth opening, 
opercular flaring, and downward bulging of the gular region. 
Similar displays occur in Salmo (Kalleberg, 1959; Keenleyside 
and Yamamoto, 1962), Stichaeus (Farwell and Green, 1973), 
numerous genera of cichlids (Baerends and Baerends-Van Roon, 
1950), and others. Fabricius and Gustafson (1958) note that 
on the spawning grounds male northern pike often adopt a 
eharacteristic threat, posture, swith mouch slightly open and 
branchiostegal membranes lowered. In the present study, 
branchiostegal displays generally consisted of a sequence of 
these acts, with each successive aceyincreasing in intensity. 
Fabricius and Gustafson (1958) also state that the displaying 
fish turns its flank towards the opponent, giving the threat 
posture the characteristic of a lateral display. In this 
study, the displayer was usually located in front of the 
recipient, but faced away on an angle. Thus it appears that, 
although the same morphological features are involved, the 
form of the spawning display differs from that given by 


post-spawning northern pike. 
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in f£0rm the branchiostegal’ ‘display ‘is similar ‘to the 
gaping movements which follow consumption of prey. This 
display is also used following unsuccessful predatory attem- 
pts. In this context the display appears to serve as an out- 
let for a frustrated drive, but during intraspecific inter- 
actions it may have a secondarily aquired signal function. 
Onvthe basis “of eriteria outianed by Blest ' (1961), it appears 
likely that this display has been derived from predatory 
gaping movements, and has undergone considerable ritualiz-— 
ation. The form of the display is somewhat different from 
predatory gaping, in which the jaws and opercula are not 
opened simultaneously. Rhythmic repetition of the display 
occurs, and intensity is increased. while speed of perform- 
ance “is *decreased'> resulting in exaggeratiion of the gaping 
movements. "The “fact. thatthe «display ‘also occurs dinsthe 
conflict situation of thwarted predation suggests that an 
incipient predatory drive plus an approach drive may be in 
conflict with escape tendencies during interactions with 
conspecifics, Keenleyside and Yamamoto (1962) conclude that 
the frontal display (gaping) in atlantic salmon indicates 
conflicting tendencies of escape, approach, and predation. 
The facing away orientation of northern pike during branchi- 
ostegal displays, which may indicate escape tendencies, 
exposes the bright red of the gills on a background of white 
divectly toward ythe opponent. This feature may ~lend addi— 
tional signal function to the display. Collias (1944) notes 


that bright colors are often emphasized in threat displays. 
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Branchiostegal displays were the form of threat: most 
frequently employed during agonistic interactions (Table 22), 
Stokes (1962) states that animals rely on a small number 
of behaviors to confer their intentions to conspecifics. 

It seems likely that the branchiostegal display confers the 
ancentLons ofan, individual, .since this display. still-sretains 
Superficial similarities to the activity from which, it was 
apparently derived. . Presumably, other northern. pike. can 
recognize the predatory components in these movements, and 
react accordingly. Baerends (1957) and Stokes (1962) agree 
that displays may be most effective when still supplied with 
information from instincts from which they were derived. 
Branchiostegal displays of northern pike still retain sug- 
GEsl ions. Of, .predaboryainstincte, ~The. singular; high import= 
ance of this display implies that degrees of aggressiveness 
are not an aimportant feature of agonistic behavior in 
norchern .pike. .,This might be .expected.. since northern, pike 
are not territorial, and Etkin (1967) notes that gradations 
in levels of threat decline with distance from the. center 
ofthe. home. territory... .sln <ddition he ds wenown thet ..itual— 
ized displays develop a typical intensity, such that the 
form of the display remains constant over .a wide range of 


intensities of eliciting stimuli (Hinde, 1966). 


Snapping display 


Snapping display has not been observed in previous 


studies of northern pike behavior. McNamara (1937) and 
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Fabricius and Gustafson (1958) do report the occurrence of 
actual nipping between males and females during Pein. 
This may indicate that at times of high sexual motivation 
the proximity of the mate is a stimulus of sufficient mag- 
Ritued. POlelicit actual piging.. ,In postspawning agonistic 
interactions the display is given at a distance from the 
Becipient, SO that .biting never occurs, ‘The display is 
never directed, toward the wecipient in the case, but occurs 
asebne dispilayer moves, ACwOSs Jin tront, of the second fish. 
This may indicate that escape tendencies are inhibiting 


closer approach to the rival. 


This, display, is virtually identical in. form’.to the 
snapping employed during pursuit predation. When used as a 
threat display the only detectable difference between the 
display, and its example is the lack of orientation, towards 
the releasing stimulus. The basic predatory attributes are 
SLi strongivssepresentea sin, thas act. sine display is also 
variable in its duration and intensity, which, according to 
Morxvis .(1957):\,..indicates little ritualization of the act ,has 
occurred. Because the act has not changed significantly in 
form from its example it seems plausible that’ #t could be 
confused with a normal predatory act. Hinde (1966) postu- 
lates that displays which have changed little from their 


example are probably low in sign value. 
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Body wag display 


Svardson (1948) reports male and female northern pike 
performing a synchronous "swimming standstill" during the 
Matang acu. He states that movements .of all body fins 
increase until-the bodies of the two fish vibrate in unison. 
The body wag display consists of swimming movements performed 
by a SCationary fish, but certain aspects ' of the display are 
definitely different from those described by Svardson (1948). 
Pirsciy, the only paired fins used during the display are 
the pectorals, which beat forward, apparently counteracting 
any thrust produced by the caudal fin. Secondly, in the 
display the swimming movements of the trunk are performed 
Slowly and smoothly, with no vibrating observed. Thirdly, 
the amplitude of caudal sweeps is greater than that noted 
by Svardson (1948). Fabricius and Gustatson (1958) suggest 
that the swimming standstill during mating is a modification 
of normal forward swimming caused by the confined space in 


Svardson's (1948) aquarium. 


Body wag displays, Of various degrees) of Similarity to 
those of northern pike, occur in numerous other families of 
teleosts. The display is used by: at least three genera of 
cichlids (Baerends and Baerends-Van Roon, 1950), Stichaeus 
(Farwell and Green, 1972), Aphyosemion (Ewing and Evans, 
1973)... The. display also, cecurs in| the genus,Salmo, where) it 
is usually associated with the presence of current, as in a 


stream (Keenleyside and Yamamoto, 1962; Chiszar et al., 1975). 
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For most species of fish it is presumed that this dis- 
play has been derived from incipient swimming movements. 
For northern pike this may be partially true, but the form 
of the display is much more suggestive of the "S-posture" 
(Hoogland et al., 1956) adopted prior to a predatory strike 
ati ai stationary prey. “The erection of| pectoral fins. appears 
tovhave functional: value»in the: display, but Fabricius (1953) 
notes that this movement may be derived from braking maneu- 
vers, indicating an increased escape tendency. Whether the 
Panverectzon: hasi al signs valueiini northern pikesis not,cer- 
tains Sancenmthisicharacter: isi; nor emphasized, because «che 


displaying: fish does. not) face dunectdy, toward the recipient. 


SiigniLiicantmnitualization of the; display, has, apparently 
occurred. Again this assumption is based on the criteria 
indi cating rituals zation (Billest,«1 961), First), the: intensity 
of the behavior has increased. Second, the movements are 
exaggerated.enThind, whythmicnrepetst vonmis? apparenti..| Hourth, 


the speed of performance has changed. 


Belly flash display 


Baerends and Baerends-Van Roon (1950) describe an act- 
ivity, performed by cichlids; which is ‘similar ) im torm to 
the belly flash display of tnorthern pikes” They cerm this 
activity “chafing, but note that? it: likely functionseas a 
comfort movement. This is assumed because the activity by 


cichlids occurs in the absence of an external stimulus, and 
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does not appear to have displacement qualities. Chaffing is 
also employed by atlantic salmon, but in this species it has 
tne distinctive attributes cf a-~displacement activity 
(Kalleberg, 1959). Kalleberg (1959) observed territory 
holders using this behavior when irritated by the presence 

Of a conspécific. A displacement activity used in such cases 
can aquire a Signal function through ritualization (Tinbergen, 
1959). In cases where this display is used during inter- 
actions between northern pike, “certain Gomponents' of the act 
seem to be consistently oriented towards the recipient. 

This fact may suggest that in this species a degree of 


FituaLizaci.on Of the act hes occurred. 


buying sintraspecteicvinteraces ons the displaying northern 
pike is always within the visual field of the recipient. 
The visible white flash, produced when the belly is presented, 
occurs directly in front, of the opponent. The. tendency to 
always present the ventral surface toward the recipient 
fish does suggest that some signal value is associated 
with the white flash produced (Collias, 1944). If this 
were not the case, it smught be expected thar the dorsal 
surface would have an equal probability of being presented 
to the recipient. From these findings it appears that 
the display may have more than a displacement function 


when used during interactions between northern pike. 
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Belly flash displays were only used twice by solitary 
northern pike, and the form of the act was identical to that 
Cecurring during interactions. ~The function, of belly flash 
displays in these two situations is not clear. In fact, no 
basic activities were ever observed whose form suggested any 
relationship to the belly flash display. Baerends and 
Baerends-Van Roon (1950) suggest that the behavior pattern 
in cichlids may facilitate the removal of ectoparasites from 
the displayer's body. There is, however, no real evidence 
to suggest that this might also be the original reason for 


the behavior in northern pike. Additional examination of 


this particular behavior is required to determine its signif- 


icance and origin in northern pike. 


Head shake display 


-This display also occurs during spawning activities, 
when unripe female northern pike use it to repulse courting 
males (McNamara, 1937; Fabricius and Gustafson, 1958). 

It seems that the form of the display used in spawning dif- 
fers from that used in agonistic interactions between post- 
spawning fish. Fabricius and Gustafson (1958) contend that 
the head is jerked quickly toward the opponent, and then 
returns to the midline. They also note that this behavior 
can be repeated several times, at intervals of some few sec- 
onds. In postspawning fish the head is swung rapidly from 
side to side during this display, with no pause between 


repetitions of the cycle. 
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Fabricius and Gustafson (1958) do note the striking 
Similarity between this display and the prey turning move- 
ments employed by northern pike. In their description the 
display has a form identical to prey turning movements, in 
which the predator's head is jerked back only to the mid- 
line. In postspawning fish the display has two added compon- 
ents. A complete arc is described by the head, and the rep- 
etition occurs without interposed pauses. From this it seems 
that the postspawning display shows the greater degree of 
ritualization (Blest, 1961). The coordination of the activ- 
ity has changed from that of the predatory behavior. The 
speed of the movements have increased. The head shaking has 
been exaggerated by increaSing the amplitude and number of 
movements. There is rhythmic repetition evident in the 


displey accrivity. 


Gulping 


It is not certain whether gulping activities have a 
definite display function. The action occurs at extremely 
low frequencies, and in addition it seems to lack any 
component of orientation in relation to the opponent. 
Northern pike are physostomes, thus it might be suggested 
that the act relates to adjustments of the gas content of 
the swim bladder. Bennet (1971) reports that under condi- 
tions of low oxygen or high carbon dioxide tension some 


species of fish will gulp’ air’ at the‘water surface? 
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If the gulping act performed by northern pike is purely a 
physiological response to enviornmental conditions, one may 
expect a higher frequency, Of cecurrence of the act. ‘Also, 
the act was never undertaken by a number of fish on the same 
day, as would be the case under conditions of low oxygen or 
high carbon dioxide. The features of the gulping act sug- 
GeEsn, pict tS tuncerOn heresis nor basically physiological 


in nature. 


Cichlid fishes carry on nipping movements at the water 
surface (Baerends and Baerends-Van Roon, 1950). These activ- 
ities are especially employed by paired males at the end of 
breeding cycles, which implies that a display function is 
associated. For northern pike, the amount of available data 
is not sufficient to determine the possible function of the 


SCclVIty, during aAnteractions. 


b. Nondisplay Agonistic Interactions 


Interactions were also considered to be agonistic in 
nature™@1f£ “one individual exhibited avoidance behavior, even 
though no apparent threat display had occurred. Approach by 
a *coOnspeclirerat any speeds wds OLten SULEICI ene COrericit 
avoidance responses from northern pike. The frequency of 
occurrence of this kind of agonistic interaction was approx- 
imately equal to that of display interactions. Avoidance 
responses consist of slow movement, by one individual, away 


from the point of encounter. Occasionally this entails 
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movement from open water into vegetation or vice versa. 
No particular submissive posture could be detected in the 
departing individual, but avoidance itself may be an 


indication of subordinance (Leyhausen, 1965). 


Approach by another northern pike may provide the sug- 
gestion of intended aggression, and in some cases this alone 
is) sufficient to elicit a “response. Chiszar et al. (1975) 
find that rainbow trout (Salmo gairdneri), as they grow older, 
show increasing propensities to avoid an approaching individ- 
Haig, DeLorean OVeErt Interaction occurs. “These workers: feel 
that the approach acts as a conditioning stimulus because 
Or “1ts" Constant’ association with attack, and in time approach 
itself aquires the ability to elicit an avoidance response. 
Sufficient data on the agonistic behavior of juvenile 
northern pike is not available to conclusively determine if 
such ontogeny of response occurs in this species. However, 
it is plausible that the tendency to react to approach could 
be an inherent trait of a species, which would obviate the 
necessity of social conditioning. From the brief comments 
on fry behavior made by Frost and Kipling (1967) it appears 
that’ juvenile northern pike also exhibit intraspecifie 
avoidance. This does suggest that in northern pike the 
behavior is not totally a result of condig~ioning. in 
addition, it is possibile that’ approach (has Certain artributes 
which are suggestive of incipient predatory movements, and 


it is known that juvenile northern pike show immediate 
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avoidance reactions to potentially cannibalistic overtures 
of adults. The continued association of approach with can- 
nibalism may be partially responsible for the avoidance res- 


ponses of adults also. 


The aptness of retreating fish to depart slowly may be 
functionally important in preventing pursuit by the approach- 
ing northern pike. Goldeye (Hiodon alsoides) which retreat 
Slowly during aggressive interactions seldom elicit pursuit 
by conspecifics, while individuals showing rapid flight are 
often chased by the dominant (Fernet and Smith,1976). It 
has been shown that rapidly moving prey organisms, as opposed 
to slow moving prey, have a greater probability of releasing 
predatory acts by northern pike. Ii the predatory -drive is 
partially involved in eliciting approach during intraspecific 
interactions, then slow retreat would be advantageous in 
preventing a hightening of this drive. The habit of juve- 
nile northern pike to move slowly away from adults seems 
to function Ginvexactly “thisvmannesr.* This ybasic niode “o£ 
action in potentially cannibalistic interactions, although 
Slightly modified in adults, may be partiaily responsible 
for the characteristic speed of retreat employed in agonistic 


interactions. 
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c. Quantitative Analysis of Agonistic Behavior 
1973 and 1974 levels 


The mean level of activity displayed by northern pike 
in 1974 was twice as high as that of fish observed in 1973. 
This was the apparent cause of a higher mean interaction 
Pace ti methesecond year  BrAieehigher Gnteraction. rates, it 
might be assumed that aggressiveness would be enhanced, 
particularly ‘ina "solitary species. -However, agonistic. be- 
havTrCrewas manifest tina significantly smaller proportion: of 
Lhe interactions: occurring in) 1974. Data indicate: that the 
difference can ‘be ‘largely attributed) to the.lower food avail- 


ability vexpexiénced thy tirhecndrtnernupike studied.in 1973. 


These -findings itllustrate the Sensitivity, of even, social 
behaviors to environmental fluctuations in the wild. Infornm- 
ation such’ as thisrpoints out thesbasic danger ct: describing 
the nature of a species from studies conducted under highly 
artificial conditions in which variability has been elimin- 


ated. 


Male and female aggression 


The aggressive tendencies of male and female northern 
pike, following spawning, were found to be similar. Only 
in nondisplay agonistic interactions in 1974 did males 


assume the position of subordinate significantly more often 


245 


vn 
V; fi 


+) th ) : , uy ah f 
ty, Org Aes o, 
' , i " ; " 
solveiet, okt koma a 
: SIT avy Ay m= 
¥ 2 i) tit P 


bg nrodsIeS Ae boxaiaeze wives Spvlewee nesar 

2r at bevsgeda ‘debs Bee ands cod onda wate 

ts: 63 tii if ngetis zalipaid 8) Re PRED: 5 ‘ 

4s Ra onet mnt tosiesnt saitigadss the ¢ cea 

eba weer veka) BowOR sepnevbeaesRes seds: & 

sg. osdnebne «ieee, | aeanene vesottow embay 
ke. nod dawgeng eR Lenni qlanaeaabie 8 as ‘ak deren 
of? sada oteokamk Pr eres, Dtce a ogee 
aLisvs fag? thea ont) ag. botud ins. | 


ENOL ab bapbuae S449, canada 938) aes 


i 
' i : 
ui wae bh #2 o> dus Ree $e: gaia ae * 


* 


Leloor. nate. 20) ease: oe: 
~areo tak, edi ost isk t a . 


videld mobdn careohann es 
Alma eed. aad een ie; sath: sett | 
2? gly 2 ee ty shall 7 pang ah +80 


Teae , ee ce 
sad Fre'r alse ‘bak sted % te tonebasd ‘evteuosaes = : 


“4 _~ 


ti “ . ' 
gad  sehineel ca et ‘tei siaw « ckmaee patwolioy * ' 


Sats 2yi 


is B)5 seh ne 


r Lmpste =300t tones t 


Rs 


than females. sDatasindicate that this apparent disparity 

was a result of size differences between males and females, 
and not a result of any sex-related difference in aggres- 
Siveness. A similar condition exists for pumpkinseed sun- 
fish (Lepomis gibbosus) in which females may assume the 
agominance position in a hierarchy, but “this is only due to 
their larger body size (Erickson, 1967). Present findings 

do not support the assumption that female northern pike are 
necessarily more aggressive than males following the spawning 


run (Makowecki, 1973). 


The pattern of similarity of behavior of male and female 
northern pike appears to hold throughout the summer months. 
There is, however, some suggestion from the literature that 
behaviors of males and females may diverge during the winter. 
Casselman and Harvey (1975) determined that mature female 
northern pike experience higher mortality due to low winter 
oxygen levels than do males of the same age. This they feel 
is due to higher metabolic activity of females during winter 
in relation to growth and gonadal development, which in turn 
is dependant upon feeding and related activity at that time. 
Hence, it may be suspected that sex-related differences in 
behavior could arise during the winter months. This does 
not necessarily imply that females would become panes fray 
intolerant of males at this time. Collias (1944) notes that 
increasing intolerance results in solitary habits, while 
Ivanova (1969) reports that actively feeding northern pike 


may aggregate in areas of high prey abundance. 
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Fish size and aggression 


The relative size of a northern pike does not effect 
its tendency to display during interactions (Table 25). 
Similarly, this parameter does not effect the aptness of a 
fish to show avoidance once a display has occurred (Table 
26). However, in nondisplay agonistic interactions the 
smaller of the two fish involved shows significantly greater 
avoidance tendencies. Allee and Dickinson (1954) report 
Similar size related avoidance in nondisplay interactions 


between smooth dogfish (Mustelus canis). 


superficially the presence Of size related effects in 
nondisplay interactions seems to contradict their absence 
in display interactions. Several reasons may exist for 
these apparent inconsistencies of behavior. The first reason 
relates to display devels of different’ sized fish. In this 
species it is evident that only a few types of displays are 
used in agonistic situations. Stokes (1962) has shown that 
for certain species a single type of display is used over a 
wide range of aggressive tendencies. He concludes that 
displays; in such cases, are only a general indicator of 
underlying tendencies, and thus can not be expected to 
convey an absolute signal to a rival. This could suggest 
the reason for sdniiariemes display levels in smaller and 
larger northern pike involved in interactions. For fish of 
two different sizes the vane agonistic display may be 


employed, even though the relative levels of underlying 
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aggressiveness may not be identical in both fish. Function- 
ally, the act may have value to smaller and larger fish 
alike by transmitting information indicating that an 
individual space has been violated. The second reason for 
apparent inconsistencies in agonistic behavior relates to 
size associated avoidance in display and nondisplay agonistic 
interactions. It has been suggested that predatory tend- 
ancies are also shown during agonistic interactions between 
atlantic salmon (Keenleyside and Yamamoto, 1962), and it is 
assumed that this is also the case in northern pike. Appro- 
ach,adione; may, only. convey-ithe: intentions: of. attack. and 
predation (which may be very similar in appearance), and 
these are usually sufficient to cause avoidance when the 
approaching, fish,.ais larger.» Support: tor this suggestion is 
gained from the work of Allee and Dickinson (1954). Conver- 
sely,, a display, din addition to conveying the intention of 
attbackmandspredation, abso indicates the escape tendencies 
of the aggressor (Tinbergen, 1952; Hinde, 1966). Thus with 
a display an ambivalence is indicated, and the interaction 
takes on the form of an agonistic one rather than a purely 
predatory one. ‘It may not be functionally necessary for a 
Slightly smaller individual to show overt avoidance in such 
situations, where as in situations where a cannibalistic act 
is suggested, avoidance may be the expedient reaction for a 


smaller fish. 
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Such a pattern of agonistic behavior appears to be 
conei stéenti with; ther social structurerexisting: in northern 
pike populations, which is a system based largely upon 
individual distance requirements (Frost and Kipling, 1967). 
Marler (1956) contends that displays can indicate that an 
individual is aggressive, but is not willing to enter into 
a higher order interaction at the time. It is possible that 
displays of northern pike convey this same type of informa- 
tion, and that no extreme reaction by the recipient is 
required to allow individual distance to be maintained. It 
usually is evident that the displaying fish is not attempting 
to usurp the particular: site occupied by the opponent, since 
it is most frequently the displayer who leaves the area of 
interaction.» (Thetimpressitonsgained is that the display only 
fuUNCELONS CO iandieate the Pencencves of the displayer,; and 
thus may act as a deterrent to any approach tendencies of 


the opponent. 


Consistency of agonistic displays 


The pattern of agonistic displays employed by northern 
pike did not change between 1973 and 1974, years with high 
and low levels of aggression respectively (Table 22). This 
finding further «supports the view that the type of displays 
used can remain constant over a wide range of underlying 
aggressive tendencies (Stokes, 1962). Zack (1974) similarly 
finds that for Hermissenda an increase in the frequency of 


agonistic interactions does: not grossly effect the pattern 
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of displays employed. It does not appear that the various 
types of displays utilized by northern pike are brought into 
play to indicate different levels of aggressiveness. [In 
addition, there appear to be no obvious relationships between 
the type of display employed and the particular circumstances 
under®which it occurs. Northern pike displays ‘appear!to 
CeCcur-onvan ait or none basis, andithe motivational state: of 
the animals involved will determine if any display is’ given 
qugInog lat parvicular interaction. —Onithe Basis!of data 
available; Le is not’ obvious. why “then dififerent: display 
typesrshould ocecursat characteristic frequencies relative to 


Onevanocther” in = twovdLliterent’, populatdonsmofvstudyrfish. 


BEeeCces, OF agonistic displays 


TN TaddLeLOn tO not  cecumring invany perticular type 
Of Situation, thetlive kinds ofvagonistic displays used by 
northern pike do not appear to elicit different kinds of 
reactions from recipients. “Thissimplies* the. absencerot£ 


specific Levels of threat associated with each type) of dis] 


DLay . 


Prolonged bouts of displaying are never observed to 
develop, and displaying fish leave the area of interaction 
significantly more often than recipients (Table 20). 
Fromathis ie follows that classica® requirements of Territory 


or position in a dominance hierarchy are not being disputed. 
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Again, the only plausible function of agonistic displaying 
seems to be the reduction of violations of an individual's 


critical space when its tolerance is low. 


An indication of the range of social tolerance in 
northern pike is gained from the fact that in both years of 
the study a small percent of display interactions resulted 
in mutual activity between the displayer and recipient. [In 
none of these cases was aggression shown during the sub- 
sequent mutual activity. ““Phe-ftrequency of occurrence of 
this particular type of benavior was sutficiently Low to 
suggest that it may result only in rare cases where inten- 


tions are not clearly transmitted or recieved. 


3. Positive Interactions 


Northern pike are often described as solitary fish 
(Wich, 1958; Nursall, 1973), and on the basis of the behav- 
ior observed, this description seems correct. Breder (1959) 
defines solitary fish as those "showing zero or less attrac- 
tion rCowards others oOf@their kind. . This detinition Es 
not applicable fo northern pike, unless provision is made to 
allow for low inpensieye facultative, positive interactions. 
These fish on occasion do display appetence for and enter 
into intraspecific interactions, which seem tovhave a 
mutually positive value for the participants. Thus present 


observations can not substantiate those of Frost and Kipling 
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(1967), which indicate that northern pike always avoid one 
another. Leyhausen (1965) describes positive interactions 
between free ranging cats, which are normally aggressive 
towards one another. He concludes that such behaviors, 

even in @ solitary species, arise from an urge for social 
togetherness. The occurrence and acceptance of body contact 
between northern pike in these interactions suggests that 
the normal individual distance requirements of participants 
have been temporarily deferred. Presumably this indicates 
that both individuals derive benefit from the activity. The 
work of Bartman (1973), although not dealing with intra- 
specific interactions, does indicate that northern pike will 
Suppress basic drives to obtain a beneficial result. He 
reports the existence of a cleaning symbiosis between northern 
pike and: Gasterosteus.. , It, seems. that,in, this case. the 
benefits of ectoparasite removal have been accepted in lieu 
of a predatory act on the; potential prey. The suppression 
of aggressive tendencies during positive interactions 
between northern pike must similarly be stimulated by 


positive, attributes o£f,the.activity. 
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4. Soctal Structure 


The social structure of northern pike populations 
is a composite of various components of dominance hierarch- 
ies, territoriality, and home range; superimposed on these 
components is the system of individual distance requirements. 
No single theory of population social structure seems to 


adequately describe the system employed. 


Domanance relationships 


The pattern of hierarchical relationships in northern 
pike populations appears to depend solely upon size related 
avoidance behavior. The behavior shown by the smaller fish 
involved in a nondisplay agonistic interaction implies that 
this avoidance is largely dependent upon reactions to the 
predatory attributes of approach. Agonistic displays alone 
do not possess the potential for stimulating the development 
of a hierarchy in this species. Hoar (1951) similarly finds 
that aggression in coho salmon (Oncorhynchus kisutch) popu- 
lations produces no dominance hierarchy. Since social 
dominance through aggression does not seem to be important 
in this case the term: avoidance hierarchy may be more 


appropriate. 


The unique relationship which developed between fish 
JP1 and MP1 may also have been contingent upon the relative 


sizes of these two individuals (Fioqures (20) 321, 22). nS a 
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result of the almost complete overlap of the areas frequented, 
the presence of MP1 may have abnormally suppressed the activ- 
ity Of"3P1.° This could’ explain the change in behavior’ of 

JP1 when MP1 was removed, without requiring the assumption 
Of existence of ‘individual recognition.’ Although individual 
recognition could exist, it does not seem likely that this 
abLizty ts“a normal requirenient iof ae solitary fish.) It may 
also be postulated that such a relationship would not persist 


for an extended period in the wild. 


Site use 


"Territories are particular areas occupied and defended 
by particular individuals” (Erickson, “1967). Although 
northern pike do at times show preferences for Reet ia 
restricted sites, these areas are never defendec. Thus 
present observations can not support the suggestions of 
territoriality in northern pike (Svardson, 1948; Makowecki, 


LoS)? 


Temporary sites used by northern pike are always assoc- 
iated with environmentsl reference points, such as aquatic 
vegetation beds, submerged logs, over-hanging trees, etc.. 
Kalleberg (1959) similarly’ finds* that’ the home sites7or 
atlantic salmon and brown trout are always associated with 
specific physical structures in the enviornment. Kalleberg 
(1959) and Hartman (1965) agree that increasing the number 


and diversity of reference points, as visual isolation is 
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increased jsallows for, increases! in the» population. density..of 
a solitary species. Visual isolation also seems to be an 
attribute of the temporary sites of northern pike. The 
association between JPl and MP1 illustrates how visual 
isolation can function to reduce potentially harmful inter- 
actions. Individual northern pike show extreme variability 
in duration of attachment to a particular temporary site. 
Ewing and Evans (1973) find that Aphyosemion (Rivulini) 
shows similar attachment to preferred sites, but that the 
attachment changes over a period of a few days. Temporary 
Site attachments are: not. essential, in most cases, for 
stability in northern pike populations. This is inferred 
from the abrupt manner in which site attachments were init- 
Latedvandeterminated, as in. theicase rof. fish .C (Figure,,23).. 
Also, during temporary site attachment individuals did use 
ether iportions of the available, area.) Predatory activities 
of site holders were carried on in all portions of the 
Observation area, indicating that the particular sites 
which were held did not function primarily as feeding 
stations, as is often the case in territorial birds 


(Tinbergen, 1957). 


The reactions of site holders to the presence of an 
interloper in the resident's own site was seldom aggres- 


sive. Aggression might be expected if a site was an area 
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giving the resident priority of access to certain resources 
(Collias, 1944). Leyhausen (1965) reports that superior 
cats will not normally drive away an inferior one which is 
already occupying the superior's favorite resting place or 
lookout post. He further notes that both superior and 
inferior cats occasionally freely trespass in the other's 
home area, when the resident is present. This situation is 
virtually identical to that occurring during temporary site 
attachment by northern pike. It appears that the temporary 
Site of northern pike «functions langelyy,vaswva resting site, 


which is .ephemeral, in, its popularity. 


The importance of temporary site should not be over 
emphasized, since it is an infrequent and unstable phenomen- 
on. Generally ; most) fish doe jnekh shows anpartictular «pattern 
of site use. Any area of suitable habitat with ~7egetational 


cover seems to be acceptable as a resting spot in most cases, 


Range 


Northern pike do exhibit restriction of their range of 
travel. THis is concluded from the restriceed pattem ‘of 
use of available space shown by fish held in the observation 
channel (Table 30). Tagging studies indicate that this 
pattern also exists in the wild for periods of more than 
one year (Makowecki, 1973). Makowecki (1973) indicates that 
this habit may develop through the continued use of areas of 


superior habitat. This may suggest the existence of home 
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range habits in northern pike populations. Gerking (1953) 
defines home range as "the area over which an animal freque- 
ntly travels." Northern pike do not show a tendency to regu- 
idELy paLrolrspeciric areas. The fish did largely “restrict 
PhieLelactivity tothe Lower portion of 'the observation area, 
but movement within that area showed no consistent pattern 
from day to day. Overlap and simultaneous use of areas does 
Occur *as "a Yesult. Thesdata indicate that these fish*will 
Gonfine their activity to large areas of preferred ‘habitat, 
but that excursions in the area follow no particular home 
range pattern. Northern pike are evidently flexible in all 
these requirements, adjusting their activities to suit the 


environmental and ecological conditions encountered. 


Rates of travel of northern pake varied, £rom dayyto day, 
and also showed differences between the two years: Average 
distances of travel, from observations, varied between 0.1 
and (0y2- km''per day. Such values agree well with the: calculL- 
ations of Malinin (1969). He determined the daily range of 
northern pike to be an area approximately 50 to 150 meters 


in diameter. 


Individual distance 


Superimposed upon the partial systems of hierarchy, 
territory, and home range use is the pattern of individual 


distance requirements of. northern pike. Frost and Kipling 
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(1967) first detected this need in juvenile northern pike 
held in aquaria. They conclude that individuals require an 
unviolated space around themselves, which if denied will 
result in aggression. Present findings confirm that individ- 
ual distance is a requirement of northern pike, but that 
these requirements are possibly more dynamic than suggested 
by Frost and Kipling (1967). Marler (1956) describes the 
measurable individual distance requirements of chaffinches 
(Fringilla coelebs), and notes that these too are subject to 
change. For northern pike, the model of individual elastic 
spheres of territory around each fish appears to apply well. 
These spheres are compressible and inflatable with changes 

in a number of variables, First, when the size differential 
between two fish is great the smaller fish will likely show 
the greatest individual distance requirement. This functions 
to insure that the smaller fish will have a reduced chance 

of entering into a harmfiul interaction. Second, at. times of 
low food availability (1973) individual distance requirements 
increase. This may operate as a mechanism to facilitate 
efficient spacing of individuals, and also as a means of 
reducing aggressive interactions related to a high predatory 
drive. Third, when food is abundant and concentrated, indi- 
vidual distance requirements may be reduced, allowing the 
predators to congregate and exploit a temporarily available 
resource (Ivanova, 1969). Fourth, during positive interac- 
tions individual distance requirements may be temporarily def- 


erred to allow actual physical contact between individuals. 
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Bn tne natural environment visual isolation, afforded by 
Physical barriers, is appazjently sufficient to fulfill an 


exceptionally large individual distance requirement. 


During the study northern pike preferentially frequented 
the lower portion of the observation channel (Table 30). 
Even in 1973 when levels of aggression were highest the fish 
did not space themselves out evenly within the available 
area. Free ranging, solitary cats show a similar tendency 
to remain nearer to one another than would be expected, even 
when there is no apparent reason to do so (Leyhausen, 1965). 
Wynne-Edwards (1962) and others have suggested that for 
many species there is not only a minimum but also a maximum 
Size Of.territory (individual distance in this case). In 
northern pike populations too there apparently exist certain 
centripedal social forcés, which operate antagonistically to 
the more obvious repulsive forces. The point at which these 
mutually opposed forces are balanced should be the normal 


separation distance between individuals. 
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DD. 1973 vs 1974: Activity, Aggression, and Predation 
RESULTS 


COMSTSCeENnt "Gli rerenceomumecne Leyelis of activity and 
aggression existed between the 1973 and 1974 populations of 
northern pike held in the observation area. In an attempt 
to account for this disparity a number of environmental and 
population parameters were compared for the two populations. 
An examination of the results of these analyses, and the pro- 
posal of a theoretical model to account for the observed 
differences follows. It must be emphatically stated that 
the theory proposed represents only one possible explanation, 
and that data from more highly controlled experiments may 


be required before definite conclusions can be drawn. 


Activity “and “aggression 2973 and 1974 


The average activity levels of northern pike were twice 
as high in 1974 as in 1973 (Table 32). The times of day at 
which observations were conducted were similar in both years. 
The diurnal activity rhythm of fish observed (Figure 15) 
showed a high positive correlation between the two summers 
(r = +0.85). This suggests that the activity levels extant 
during both summers were normal, since they did occur within 


the framework of the typical daily activity cycle. 


The relationship between density of northern pike in the 


observation area and levels of activity was opposite for the 
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Table 32. Summary of data examined in relation to the 
behavioral differences existing between 1973 
and 1974 study fish populations. 


Category and aspect examined 1973. 1974  ®£Statistical 
relation 

Activity 

1. average % active/fish 19.8% 40.8% 

ae Correlation diurnal Gycles Oleo 


1973 and 1974 


32. COrrelation activity and Sah et OP 2 = +0.74 
fish numbers 


Interactions 

1. interactions/hour/fish 0.98 106 

2. % agonistic display 30.5% OS 97 3 oT A 
3. % nondisplay agonistic 30.5% 9.8% 1973>>1974 
4. % neutral 22s 1% 62.8% 1973<<1974 
5. % positive or cohesive 16.3% 17.7% 1973=1974 


Environmental correlations 
and observations 


1. activity and mean weekly TS -0. 26) r=s+0.09 N.S. 
water temperatures 


2. vACCLYVILCY ane. baLoneunic E= 0 SO ieee sL7 ONG os 
pressure (daily) 
3. activity and absolute r= +0.04 r= +0.26 N.S. 


change of b.p. 


cea ea le Ce 


Environmental correlations 
and netting data 


1. correlation % of sample r=--0.08 re -0.17:. N.S. 
feeding and mean weekly 
water temperature 


2. correlation % of sample Combined r= +0.22 N.S. 
feeding and barometric 
pressure 

3. fish/standard net gang Combined r= -0.18 N.S. 


and absolute change in D.p. 
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Table 32. continued 


Category and aspect examined 1973 1974 Statistical 
Ferat ron 

Predation 

le prey fish added 160 550 

2. prey ration / predator/day 0.47 Pe 

3. predatory acts observed 14 98 

4. predatory acts/hour/fish 0.036 0.14 


Ghi Square significance indicated by < at 5% level and << at 
1% level. Nonsignificance indicated by =. 


Nonsignificant correlation coefficients ( less than +0.70) 
gndicated by N.S... 
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two years Of the study. In 1973 activity levels showed a 
high negative correlation with the numbers of fish in the 
Opservatlon area (r>= -0,91),, in 1974 the opposite situation 
existed, with activity being positively correlated with 
numbers of fish (r = +0.74). Similar numbers of fish were 
meldsan the Observation area im- both years. Also, no*differ-— 
ence in the type or amount of habitat available existed bet- 
ween the two years. The activity anomaly could be produced 
in two ways. Northern pike in 1973 may have exhibited higher 
avoidance of conspecifics, and therefore reduced activities 
Pires DOnse tO ancreascoscensicyV.. —COnVercely, ian 19/44 

£Orm Of social facilitation may have been operating, which 


caused activity to be enhanced at higher densities. 


Higher intraspecific interaction rates were also apparent 
in 1974. The levels were 0.97 interactions/hour/fish in 1973, 
and 1.68 interactions/hour/fish in 1974 (Table 32). These 
levels appear to be what one would expect as a result of the 
increased activity in the second year. However, the type 
of behavior employed by fish during interactions in each 
year was not simply a result of increased activity. In 
bo7o. 22.09% -0f the interactions, were OL Ciewneutrotavarrecy . 
while in 1974, 62.76% of the interactions were of this type 
(Table 32). The observed level. of neutral interactions was 
significantly higher in 19/74 than in 1973) (p<0.02). “fine 
level of agonistic interactions, both display and nondisplay, 


was approximately three times higher in 1973 than in 1974 
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(p<O.01). The mutual or positive interaction levels were 
almost identical for the two years. Although fish were more 
active and had a higher interaction rate in 1974, the level 
of aggression was much lower than in 1973. It appeared that 
in the 1974 population northern pike tolerated the presence 
of conspecifics to a greater degree than in the 1973 popula- 
tion. One might infer from these data that the level of 
aggressiveness existing in the 1973 stock tended to suppress 
fish activity. This would appear to explain the density 
dependent reduction in activity observed in that year. 
Conversely, in 1974 with lower intraspecific aggression, 
fish activity was not suppressed, since fewer interactions 
were Of a2 CoOntlict nature. The déensity-related rise in 
activity in 1974 may have been a result of a form of social 
Local eet. On, VbUuL ens 1S ,nOl certain. Lhe: Similarity. in 
the levels of mutual soc:;al interactions suggest that a cer- 
tain background level of social cohesiveness naturally 


exists in northern pike populations. 


The problem which remains is to determine what factor 
or factors could have been responsible for the differences 


in the behavior of the two groups of fish. 
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1. Environmental Factors 


The semi-natural situation in which northern pike were 
observed allowed the fish to be subject to normal environ- 
mental fluctuations. Hence it is important to determine 
what effect these variables have on the behavior of northern 
pike, and whether any gross environmental differences existed 


between 1973 and 1974. 


Dissolved oxygen levels were similar in both years, 
With whe mean level in the observation area being 7.17) ppm 
in 1973 and 7.32 ppm in.1974. The lowest values occurred 
eCachowyear in June, and) were: 5.60) ppm in 1973 and 5.20 ppm 
in 1974. All levels were within the tolerance limits of 
northern pike... Oxygen levels do not appear to be a critical 
factor in this case, which could e7piain, the behavioral dif 


ferences observed. 


Mean weekly temperatures were compared with the levels 
of activity observed. The correlations in both years were 
low and nonsignificant (Table 32). From netting data it 
was possible to examine the effect of water temperature on 
feeding in the lake population of northern pike.(Figures 25 
and 26). In both years the correlations between water temp- 
erature and feeding were low, and indicated no significant 
relationship between these parameters which could explain the 
behavioral differences observed.-. In addition, it is apparent 


that water temperatures followed a similar pattern in both 
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years of the study (Figures 25 and 26). 


Malinin (1971) reports movements of northern pike to 
deeper water up to 24 hours in advance of sharp changes in 
wind direction and intensity. Barometric pressure changes 
may be involved in triggering these fish movements, so this 
parameter was examined in relation to the observed differen- 
ces (Table 32). Comparison of barometric pressures on the 
day of observation with the observed activity level yielded 
a low negative and nonsignificant correlation in both years. 
Comparison of activity to the absolute, relative change in 
barometric pressure from the previous day yielded low pos- 
ative’ and nonsignificant: correlations in both years. To 
obtain information of the effects of barometric pressure on 
natural populations, standard net catches from both years 
were combined and a correlation analysis run. Fish numbers 
per standard test net sh «wed a low negative and nonsignif- 
icant correlation with the absolute change in barometric 
pressure from the previous day. The feeding of net-caught 
fish showed a low positive but nonsignificant correlation 
with the absolute change in barometric pressure. It seems 
that the pattern and magnitude of changes in northern pike 
behavior caused by barometric pressure are not adequate to 


explain the behavioral differences recorded. 
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Environmental parameters do undoubtedly influence the 
general behavior patterns of northern pike, but the trends 
do not appear to be strong for those factors examined. Also, 
no clear, unidirectional trends in weather patterns could be 
detected “in either year.) “his kindeof “information ‘does mot 


seem to adequately answer the activity and behavior problem. 


2. Predation 


The major remaining variable, and one that appears to 
explain a portion of the observed differences, is the level 
o£ predation occurring in the observation area in each year. 
in 1973, 160 prey fish’ were introduced into the observation 
area over the summer. ‘In ose, BDO sprey sf£ish were, intro= 
duced over the summer. These numbers gave a ration of 
0.47 prey/day/fish and 1.22 prey/day/fish in 1973 and 1974 
respectively... The fate: of alle preyerisn introduced Could not 
be determined due to the nature of the observation area. 

The number of predatory acts observed does give an indic- 
ation of the availability of food, if one assumes that the 
predatory drive remained fairly constant. In 1973, 14 
predatory attempts were observed (0.036 acts/hour/fish); in 
1974, 98 predatory attempts were observed (0.14 acts/hour/ 
fish). The ration in 1974 was approximately 2.6 times 
hagher than in 1973, which seems to agree reasonably well 
with the predatory act rate which was 3.9 times higher in 


1974) than in 1973. 
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Using the 1974 data a comparison was made between days 
with and without predatory acts occurring. Six fish were 
examined over two, six day periods, with the display rates 
being compared (Table 33). The fish gave agonistic displays 
in 4.7% of their interactions on the days with no predation, 
and in 2.6% of their interactions on the days with predation 
occurring. The difference between the mean display rates 
observed during the two periods approaches significance at 
the 5% level (p<0.07). The observed differences might have 
been greater if these features could have been examined over 
amLOnger, tame, period. Envaddition,2tais possible that 
these tendencies develop over an extended period of high or 
low food availability, as in the two whole summers of the 
study. The work of Slaney and Northcote (1974) with rainbow 
trout shows that levels of aggression in confined populations 
display an inverse correlation with prey abundance. They 
also note that when fish are switched from high to low 
prey abundance situations or vice versa a lag period ensues 
before levels of aggression show a corresponding change. 

For opportunistic predators, such as northern pike which 
frequently undergo extended periods of fasting, this lag 


period could be of considerable length. 
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Table 33. Comparison of the display rates of six northern 
pike during a period of six days with no predation 
occurring, ana Six days with predation occurring.’ 
The values given represent the percent of inter- 
actions in which agonistic displays took place. 


AGonistic display rate of fish 
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DISCUSSION 


These data, although not totally conclusive, do suggest 
a possible model outlining the relationships of feeding, 
activity, and agonistic behavior in northern pike. Data are 
not available to test these relationships over a wide range 
Of food availabilities, but information obtained from the 
two summers of research may represent Che SELUuaGLOnN at cwo 
points along a continuum. Figures 27 and 28 suggest a 


theoretical explanation for the situation observed. 


Figure 27 illustrates the suggested relationship between 
predation, activity, and predator numbers (density). The 
1973 data would represent the period of low predation on the 
graph. That year showed an inverse relationship between 
numbers and activity, which would parallel the decrease in 
activity shown. The 1974 data would represent the period of 
higher predation. The positive correlation between numbers 
and activity in that year parallels the rise in activity 
shown at high predation on the graph. The region of moderate 
predation levels on the graph is approximated, since data for 


this region are unavailable. 


Figure 28 illustrates the relationship between preda- 
tion, activity, and agonistic behavior. From Figure 27 the 
activity-predation relationship is suggested. Agonistic 
behavior levels in 1973 and 1974 would represent the high and 


low points respectively on this line showing the relationship 
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between predation and agonistic behavior. This is further 
substantiated by the relationship shown in Table 33, where 
agonistic behavior was found to be higher at lower predation 


levels in the same fish in 1974. 


The information obtained suggests that northern pike 
tend to become more aggressive in times of extended food 
shortage, and that this is accompanied by a decrease in 
activity. Conversely, at higher prey availabilities aggres- 
sion decreases and activity rises. This would appear to 
ber adaptively significant in two general ways. Firstly, 
northern pike would conserve metabolic energy by reducing 
locomotory activity, and because of this the species could 
endure “extended” periods” .Of Low food” availability.” The 
SUCHE LLeance ML LiLs, A2ltribuce, cGpes=toO LTLgGnE when’ one 
considers the findings of Brett (1970). He states that dur- 
ing*a brief burst ‘of activity? the energy expenditure may 
rise to 100 times the level in a resting fish. Johnson's 
(1966a) findings tend to agree with those of the present 
Scuay, since” she found northern’ pike Losberactive only an 
relation to actual feeding. She also states: "Pike, there- 
fore, seems to be outstanding amongst those species studied, 
for its relatively low maintenance requirements, and rela- 
tively high rate at which it™converts food to body—-substance. " 
This tendency to keep activity to a minimum appears to be a 
basic component of the overall predatory strategy of this 


species. 
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Secondly, by reducing activity at low prey availabil- 
ities northern pike would also reduce the frequency of 
imtraspecific) interactions; 7a higher proportion, of .which are 
agonistic winder sbhese (conditions. »,The «effect-.of, conflict 
Situations on the physiology of organisms has been well 
documented. Erickson (1967) reports an inverse correlation 
between the amount of interrenal tissue and the position of 
Ppumkinseed sunfish in a social hierarchy. .,Selve- (1949,..1961) 
heees sehatthe «stress-caused scollapse, of the pituitarny-adrenal 
system often seems to be the ultimate cause .of death in 
cenftlictwsituations. Lockie, (1956) sfinds more fighting in 
flocks of rooks (Corvus frugilegus) during cold weather when 
food is apparently in short supply. He speculates,that.sub- 
missive individuals would be more often displaced from food 
by frequent fights, and would subsequently starve. Findings 
from the present study suggest that within certain ranges of 
density and food. deprivation, northern pikermmay limit thers 
ACCIVity, Wien the -resulu. Cf keeping Stressruk interacts ons 
to a minimum. The work of Ivanova (1969) strongly supports 
this theory. She finds that in years of high prey abundance, 
northern pike in the Rybinsk Reservoir form temporary 
feeding aggregations on the spawning grounds of prey fish. 
In years of low prey availability, she finds that northern 
pike feeding is light, and individuals tend to be solitary 


in their habits. 
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It is possible that at higher prey availabilities the 
predatory drive is satisfied more frequently, thereby causing 
an associated lowering of the propensity for aggression. 

At lower prey availabilities the predatory drive is thwarted, 
andethis drive may surfacevduring interactions, where it 
could be combined with aggressive tendencies, causing a 
higner than normal display offagonistic behavior. If, 
however, within a certain range of food deprivation the 
hunting drive can be suppressed, the chances of entering into 
unrewarding, stressful interactions would be reduced. It is 
significant to note that most) om the agonistic aiewiays of 
northern pike appear to originate from basic predatory 
movements, suggesting that predatory drive is an underlying 


component of agonistic activities. 
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Figure 27. Suggested theoretical relationship between 
activity, density, and prey availability 
for northern pike observed. 
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Figure 28. Suggested theoretical relationship between 
activity, agonistic interactions, and prey 
availability for northern pike observed. 
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SUMMARY 


The average growth rate of Kakisa Lake northern 
pike is higher than that reported for other populations 
of this species from the same general area. The 
relatively high summer water temperatures and longer 
than average open water period of Kakisa Lake may be 


Dastially responsible vior this situation. 


Divergence in growth rate of male and female 
northern pike becomes apparent only after individuals 
attain sexual maturity. This fact suggests that ‘physio- 
logical and/or behavioral changes associated with 
maturation are responsible for the observed sexual di- 


morphism in body size of northern pike. 


The sexual dimorphism of jaw width in northern pike 
allows females to consume relatively larger prey than 
males of the same fork length. The higher efficiency 
o£ predation, thus attained, would contribute to the 


higher average growth rate of mature females. 


The separation of preferred prey size, for male 
and female northern pike of the same fork length, must 
broaden the resource base utilized by the species, and 
also decrease competition between the sexes. Such 


factors should increase the carrying capacity of an 
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environment for this species above that expected if no 


sex-related separation in prey size preferences existed. 


In Kakisa Lake, mature northern pike display a 
distinct spawning fast. This behavior must function in 
reducing cannibalism during spawning, and also by | 
insuring.that reproductive activities. occur at.the 


optimal time. 


The species composition of the diet of northern 
pike is, partly,determined by relative abundance of, prey 
£Lish,. and both seasonal and annual_.alterations in prey 
abundance result in diet composition changes. In add- 
ition, the diet of.northern pike £from.different lakes 
can lack similarity,,.even,though the. prey species 
composition in, the, lakesymay,be.virtually.identical. 
The differences in habits of prey species, as related 
to lake morphometry and available habitat in each lake, 
appear... to.explain, the.disparity. in,utilization. of 
certain prey species by different northern pike popula- 


tions. 


Northern pike in Kakisa Lake do consume dispro- 
portionately low numbers of spottail shiners and 
northern pike, and disproportionately high numbers of 


walleye. This is mainly a result of the particular 


behaviors exhibited by each of these three prey species. 
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Northern pike are size selective predators. With 
increase in body size of the predator feeding acts 
become, energeticald yamore) costly;,andrto: maintains ay high 
predatory efficiency larger predators must consume aaa 
ofive lyelargere preyeattheseifect» ofhsize selective pred- 
ation is reflected in disparities in species composition 
of the,diet between: the various) size classes: of northern 


pike. 


Northerm pike typically display minimal activity 
during: the daylight. hours, largely resorting to extended 
peniods ob inactivity.) Such habits. should result. in 


substantial, conservation of metabolic energy. 


CLULSINGWACLIVILEY. Coss NOL appear to be elicited 
by specific stimult an all cases “while higher speed 
Swimming is usually associated with specific external 
shimut.i..,4 A. diurnalwand seasonal ywoycle of gactivity exist, 


and both appear dependent. upon light as a Zeitgeber. 


Northern pike display a tendency to restrict most 
activity to, areas,of cover during the day, while. o@eas 
of open water are avoided. Cover is essential for 
predatory success and also for. reducing, visual contact 


between northern pike. 


Areas, of wegetation,and cover.are preferred by 


northern,pike as sites of inactivity. 
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Two modes of predation are employed by northern 


pike; stalking and pursuit, the occurrence of each is 
contingent upon the behavior of prey fish. Northern 
pike are most successful when employing stalking pred- 
ation, whith is’ largely dependent upon the ability of 
the predator to remain concealed prior to the predatory 
act. Thus, areas of abundant aquatic vegetation and 


cover are essential for efficient predation, and the 


related success of this species. 


The general feeding strategy of northern pike is 
one of opportunistic use of temporarily available prey. 
SUCH a Sttategy 1S made: possible by the ability of this 
predator to sustain extended periods of food deprivation 


without undergoing excessive physical deterioration. 


The outcome Of a predatory act dictates the patter 
of behavior which will follow. Success of predation 
stimulates a brief period of increased appetitive 
hunting behavior, while failure of predation or 
rejection of prey inhibits intensified searching in the 


area’ of prey encounter. 


In clear waters. detection of prey is mediated by 
vision only, 1f the predator is between four meters to 
15 cm distance from the prey. Within a distance of 


15 cm prey detection depends on either visual or mech- 


anical stimuli, but appropriate visual stimuli are 
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required before a predatory lunge is -released--in clear 
water. Under turbid conditions, when vision of northern 
pike is naturally impaired, detection and consumption 

of) prey ;\ with inklogemredistance, is likely dependent 
upon mechanical stimuli, and possibly olfactory stimuli 


if prey asi statvonary. 


A prey fish which is swimming rapidly and abnormally 
has a greater potential for releasing the predatory act 
of northern pike, than a prey fish which is moving > 
more slowly inaregular manner. Inactivity of a prey 
fish can allow it to escape predation of northern pike 


in some cases. 


Integrated schoolingubehaviors of certain prey 
fish species operate as deterrents to northern pike 


predation. 


Northern pike-possessathe ability to visually 
recognise some prey species, and this likely develops by 
the conditioning effect of previous encounters with the 
particularsspecies..7(Thiscability issevidentinathe 


reactionsef northern pike to walleye. 


Juvenile northern pike display the greatest 
diversity and most effective means of avoiding predatory 


attempts of adult northern pike. 
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Northern pike can recognize predatory behaviors of 
conspecifics, and are often stimulated to perform similar 
activities by observing other individuals engaged in 
such behavrors. “"ppasent ly’, ‘a “form ‘of soctral racatita- 


tion operates in these instances. 


Juvenile northern pike display predatory behaviors 
wire are “similar *to- Giose of adults; but ‘which: lack 
Che Yeqropcy Of “Porm vand skill characteristic of ‘the 
adult behaviors. ~The lack -of overt predator avoidance 
shown by juvenile prey fish allows young northern pike 
to attain a predatory ‘success rate comparable to that 
opmadults = Predatory behavior of ‘northern pike “undergoes 
an ontogeny, from juvenile to adult form, with accumula- 


tion of predatory experience. 


Northerm prikevare basically *sorttery in their 
Habits, buULw Tpit raspec Tr re MiiveractauUns CO OCCUr, and 
their form can be ‘nevtralPoagonistic’, ‘or "positive. 

The ssolitary nature’ of tne’ species™may ‘be’ "temporarily 
deferred when aggregations of the predator form in areas 
of prey abundance, and also during positive intraspecific 


interactions. 


Neutral interactions between northern pike are 
contingent upon mutual tolerance being shown by both 


participants. 
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Agonistic behavior of northern pike has two forms; 
these are simple avoidance and aggressive displaying. 
Avoidance is chiefly dependent upon the size differ- 
ential between the opponents, with the smaller fish 
exhibiting significantly greater avoidance tendencies. 
The propensity of (noytherm pike to display during 
agonistic interactions is not affected by the size of 
a fish relative to the opponent. Relative size does 
not affect the behavior of a fish following the occur- 


rence ‘of. ‘an *agonisticidisplay.. 


Most agonistic displays used by northern pike have 
the form of ritualized predatory movements, which indic- 
ates that the predatory drive is also an underlying 
component of aggressive behavior in this species. 

The different types of displays do not represent differ- 
entilevels:06£ threat? “However, “approach may suggest 
predatory intentions only, and thus causes a more ex- 
treme response from an opponent than if an aggressive 
display ; which alsonindicates tescape itendencifes; sis 


employed during the interaction. 


There is no basic, sex-related disparity in levels 
of aggressiveness “of “northern pike ‘during the. post- 


spawning season. 


Physical combat is not characteristic of aggressive 


interactions between northern pike. 
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The aggressive behavior of northern pike is func- 


tional in maintaining individual distances between con- 
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specifics. In most cases the aggressor does not attempt 


to drive the opponent away from a specific area, indica- 
ing that a territory is not being contested. Visual 
isolation, provided by physical structures in the 
environment, is important in maintaining aggressiveness 


at low levels in natural populations of northern pike. 


Céentripeta lrsoc®aleterces \alLsovéexist-“in northern 
pike populations, and these’forces account for the un- 
even spacing of individuals throughout the available 


habitat. 


During postspawning encounters between northern 
pike, positive interactions Go larisey“and these “appear 


torvhave:mutually benéficial value tothe’ participants. 


The social structure of northern pike populations 
is largely based upon fluctuating individual distance 
requirements. Aggressive displaying does not possess 
the potential of producing dominance hierarchical pat- 
terns, but nondisplay agonistic interactions do produce 


an unstable, size-related, avoidance hierarchy. 


Northern pike’ are not territorial, in’ the classical 
sense, but they do infrequently develop temporary at- 


tachments to sites which are not defended. Range 
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GLestricLi on, ~LoO;arcacworeprererred, habitat, ais 
characteristic.of.this, species, however, patterns, of 


regular home range patrolling do not occur. 


Individual distance requirements are largely 
satisfied by avoidance of conspecifics. Fluctuations 
an resource availability are reflected in corresponding 


alterations of individual distance requirements. 


Increased prey availability appears to produce 
increased activity, increased social tolerance,’ and 
decreased aggressiveness sin northern pike. Conversely, 
food shortages appear to induce decreases in activity 


and social tolerance, while aggressiveness rises. 


Such a pattern of behaviors seems to have definite 
functional value. GAtMeIimes Ofiiighnsrocd availability 
northern pike can congregate to exploit the abundant 
resource. With increased predatory activity intra- 
specific interactions become more frequent, but . because 
tolerance is high few interactions are stressful. Under 
conditions of food deprivation, increased aggressiveness 
would insure efficient spacing of individuals, while 
at the same time causing individuals to restrict activ- 
ity.. The resultant) reduction in) the rate vatawarcn 
metabolic reserves were utilized allows the predator 


to weather an extended period of low food availability. 
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The overall strategy of northern pike behavior 
is directed toward minimizing metabolic energy expend- 
iture. This is achieved through maintaining activity 
at low. levels, carrying out efficient, opportunistic 


predatory acts, and avoiding social strife. 
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APPENDIX 4. 


Invertebrates 
occurring 

in stomachs 
of northern 


pike ining 


Hirudinea 
Dina 
Haemopsis 
Macrobdelila 


Amphipoda 


Invertebrate food of northern pike 


between 20 and 70 cm fork length. 


Number Percent of Percent Total 


of 
pike 
conta- 


26 


86 


Gay Lacustris 


Ho azececa 


Ephemeroptera 


Ephemera 
Hexagenia 


Odonata 
Tschnura 
Aechna 
Libellula 


40 


52 


Somatochlora 


Sympetrum 


Megaloptera 
Sialis 


Trichoptera 
Banksiola 
Phryganea 
Hydropsyche 
Heliopsyche 


Coleoptera 


Dytiscus 
Haliplus 


Diptera 
Chironomus 
Simulium 
Chaoborus 


Gastropoda 
Valvata 


Physa 


30 


16 


13 


total pike occurr- number of number 
ence in inverte- 


examined 


4.1 


feeders brates 


15S 46 
20 1718 
ee 96 
ESn2 210 

OFS al 

Sc7 45 

7a-10) 8 

4.7 34 

3.8 28 


Mean 


per 
fish 


EES: 
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